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Series Preface 


The Practical Veterinarian sertes vvas developed to help 
veterinary students, veterinarians, and veterinary tech- 
nicians find ansvvers to common questions quickİy. 
Unlike large textbooks, vrhich are filled vüth detailed 
information and meant to serve as reference books, all 
the books in The Practical Veterinarian series are 
designed to cut to the heart of the subiect matter. Not 
meant to replace the reference texts, the guides in our 
series complement the larger books by serving as an 
introduction to each topic for those learning the sub- 
yect matter for the first time or as a quick revievv 
for those vho already have mastered the basics of each 
subfect. 

The titles for the books in our sertes are selected to 
provide information for the most common subiects one 
vvould encounter in veterinary school and veterinary 
practice. The authors are expertenced and established 
clinicians vvho can present the subyect matter in 
an easy-to-understand format. This helps both the 
first-time student of the subyect and the seasoned 
practitioner to assess information often difficult to 
comprehend. 

It is our hope that the books in The Practical 
Veterinarian sertes vill meet the needs of readers and 
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serve as a constant source of practical and important 
information. VVe velcome comments and suggestions 
that vvill help us improve future editions of the booksin 
the series. 


Shaum P Messionneey, D.V.M. 


Preface 


This book had its genesis in my teaching epidemiology 
and public health to first-, third-, and fourth-year veteri- 
nary students. In trying to make the material as relevant 
to clinical practice as possible, my courses vvere revised 
over the years. Eventually, I began to use evidence-based 
medicine (novv evidence-based care İEBCİ or practice) 
as an approach that merged the clinical perspective vith 
epidemiology. In human medicine, EBC has svept into 
the profession vith the development of courses, books, 
and databases specifically designed to help practitioners 
get the bestinformation for their practices. İn veterinary 
medicine, EBC is slovvly creeping in: İt appears in some 
conferences, articles, and book chapters. In vorking 
through the examples for class (and this book), it 
became clear that the quality and quantity of material 
available to the practitioner of veterinary medicine have 
not yet caught up vüth that available to the practitioner 
of human medicine. İtis hoped that this book vüll serve 
to bring EBC to the attention of a larger veterinary audi- 
ence, summarize vhatis knovn and applicable to veteri- 
nary medicine, and help veterinarians vith their patient 
care and cltent education. 

Tam especially appreciative of my contributors, Norma 
Funkhouser and Laura Robinson. Ms. Funkhouser”s 
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years of expertlence as a medical librarian and dealing 
vvith veterinary students, graduate veterinarians, and 
faculty provide her vith invaluable background vhen it 
comes to finding information on all things veterinary. 
Dr. Robinson has had extensive first-hand experience in 
dealing vith zoonoses and outbreaksin the real vvorld. 
Her position in Zoonosis Control provides interaction 
viith veterinarlans in all types of practices and settingsin 
the context of these topics. 

I vvould also like to thank my epidemiologic col- 
leagues from around the vvorld (you knovv vrho you arel) 
vvho have encouraged and supported my efforts in vet- 
erinary epidemiology. İn particular, Drs. Fanet Scarlett 
and Hollis Erb vere instrumental in getting me hooked 
on epidemiology as a profession. 

M.R.S. 


Introduction 


This book is meant to be a reference for the application 
of epidemiology in the veterinary practice setting. It is 
designed to be used by veterinary students and practi- 
tioners, as vvell as interns and residents in teaching pro- 
grams. The principles of epidemiology are set into a 
clinical context. This approach allovvs the veterinarian 
or student to use them to help keep up vith and appİy 
the ever-increasing body of knovvledge to provide the 
best available care in veterinary practice for the individ- 
ual patent or a herd, shelter, or flock of patients. 

VVhat is epidemiology? Most simpiy, it is the study of 
diseases and health in populations. Diseases include not 
only the classic infectious diseases and disease outbreaks 
but also chronic diseases İlke arthritis, cancer, and renal 
failure. Also included are infurtes and exposures to envi- 
ronmental contamınants. Factors that maintain good 
health and quality of life are also vithin the purviev of 
epidemiology. In this context, questions about the causes 
of animals being relinquished to animal shelters or 
about animal veell-being in long-term kennel settings 
may also be addressed by epidemiologists. Populations 
are considered to be any pertinent group, such as all 
dogs seen in a veterinary practice, horses at a stable, 
dairy cattle in Nevv York state. And although many small 
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animal clinicians are most accustomed to diagnosing 
and treating individual animals, information about 
groups of animals similar to their patients is needed in 
order to keep up to date on nev/ information and keep 
clients as informed as possible. 

Hovv can epidemiology best help a busy practitioner 
vvith patients and clients? One approach is called evi- 
dence-based care (EBC). It is a method of using epi- 
demiology to directly improve clinical practice. This 
approach consists of four parts: (1) converting the 
health care issue into an ansvveerable, searchable clinical 
question, (2) finding the best available evidence to 
address the clinical question, (3) appraising that evi- 
dence for its quality and for its applıcability to the cur- 
rent situation, and (4) incorporating the best evidence 
into clinical practice. Evidence-based care supplements 
clinical yudgment, it never replaces it. The physical 
examination and history provide vital and irreplaceable 
information on treatment, diagnosis, prognosis, and 
causation. Epidemfology also has a central role in help- 
ing veterinarians deal viüth disease outbreaks and pre- 
ventive health care. In order to provide the practitioner 
vvith all of the necessary background in epidemiology, 
this book has been divided into four parts: (1) incorpo- 
rating evidence-based care in the clinical setting: (2) 
zoonotic diseases, (3) outbreaks and promotion of 
health in populations, and (4) simple biostatistics. The 
first mayor section begins vith developing the clinical 
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question from an issue or lack of information arising in 
practice and finding the evidence from printed and elec- 
tronic sources as vell as experts. Next, an overvitevv of the 
types of studies and information commonly obtained 1s 
provided. This overvtev includes the key pofnts to deter- 
mine the quality of the results for different types of clini- 
cal questions. There are four types of common clinical 
questions: (1) treatment and prevention, (2) diagnosis 
and testing: (3) prognosis, and (4) causation or etiology. 
The second mafor section of the book includes chapters 
on zoonotic diseases of clinical importance by species 
and organ system. A discussion of to vyhom and hov to 
report these diseases is presented, vith tips on finding 
locally pertinent information. Outbreaks and the pro- 
motion of health are topics of the third mafor section 
and are addressed at the level of the group or popula- 
tion. Approaches to investigating outbreaks and to 
developing disease prevention programs are outlined. 
Finally, a brtef revtev/ of simple statistical concepts and 
analyses 1s given using an intuitive nonmathematıcal 
approach because statistics have become a crucial part 
in understanding and evaluating the validity of many 
studies and articles. 
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Underlying the evidence-based care (EBC) approach is 
the understandıng that there is a hterarchy of the quality 
of evidence available. Some types of studtes, all other 
things being equal, provide better quality information 
than others. The randomized controlled clinical trial and 
reV1eVVvS Of this study type provide the best evidence. 
Observational studies (in vrhich the investigator records 
natural exposures or does not control the assignment of 
treatments) provide the next level of quality. Studies 
that use intermediate events rather than clinically 


3 


- V/hy Evidence-Based Care? 


relevant endpoints or make clinical predictions based 
on phystologic effects are third in the hierarchy. And 
clinical impressions, anecdotes, and observations pro- 
vide the vveakest forms of evidence. 

A second underlying principle of EBC is the crucial 
importance of the clent”s values, situation, and rela- 
tionship to the pattent. This principle is played outin 
the decision-making process for the veterinarian and 
clientin terms of cost, previous experlences, time com- 
mitments, convenience, family concerns, long-term 
goals, and risk-benefit ratios. This decision process 
goes on constantly in practice but may not be explicitly 
considered as an important client issue. This may be 
particularly true in a primary care setting, vrhere the 
most commoniy selected choice may be substituted for 
providing a broader range of chotces to the client due 
to time constraints. İn addition, the opportunity for 
referral may not be offered based on preconceived 
notions of vhat the cltent is interested in doing for the 
patient. 

Clinical questions are the motivators behind incor- 
porating evidence into patient care. These questions 
are the result of an unknovn or unfamıiliar problem in 
the context of dealing vith patients and clients. For 
example, in treating a dog vith unilateral primary glau- 
coma, the value of treating the currently normal eye 
might be an issue. Does prophylactic treatment delay 
or even prevent glaucoma in the unaffected eye of a 
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dog vith primary glaucomar? This is a clinical question 
(the ansvver is usually yes). A clinical question 1s com- 
posed of vrho (the patient”s general signalment), vhat 
(the problem of interest), the action (vhat interven- 
tion or test), the comparison (if needed) and the out- 
come (vhat endpointisin question). By starting vith a 
specific question, the uncertainty in the clinical situa- 
tion vill be clarified. Hovvever, in finding the informa- 
tion, a more general approach to the search may be 
needed, depending on the source material. See 
Chapter 3 for some examples and pitfalls in searching 
the veterinary literature. 

Clearly, time constraints, availability of evidence 
(both actually published and access to publİications), 
and lack of training in accessing and interpreting 
the evidence can be substantial barrters to using EBC 
in the practice setting. EBC does not need to be 
used for all patients. Many routine types of patient 
care can be handled on avdzoğolot because decisions 
about hovv best to handle the situation have already 
been determined by prevtous experience and knovil- 
edge. Sometimes, a phone call or e-mail message 
to a colleague or teacher vill provide the necessary 
information. But in some circumstances, the same ques- 
tion has been asked by multiple clients or the same 
debate about the advisability of a specific treatment or 
product occurs and the correct ansveer 1s not clear. 
Perhaps, there are nev products on the market that are 
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unfamiliar, or nevv research published or perhaps the 
veterinary profession still really does not have the 
ansvver. The application of EBC is the solution to deter- 
mine vhether or not this nev information or products 
should be incorporated into the practitioner s reper- 
tolre of care. 

In its most formal application, EBC also requires 
that the practitioner assess hovv vvell EBC is being incor- 
porated into the practice of veterinary medicine. In 
veterinary practice, there are no data that specifically 
evaluate the barrtiers and facilitators of EBC. In fact, 
continuing education in general (vvhich vould include 
EBC ) is often required by employers or state licensing 
boards, but the subfect has rarely been evaluated for its 
impact on or incorporation into practice. Studies on 
adult learning vould tend to indicate that passively lis- 
tening to a lecture is a very poor method of learning 
nev information or techniques. In 1996, an article vvas 
published that measured the effect of a hands-on certi- 
fication course in dairy production medicine on the 
farm management and herd performances.İl The 
authors found that there vvas a dramatic effect on 
important herd production parameters. This finding 
has implications for the importance of incorporating 
key information and skills into practice on an ongoing 
basis, as vvell as the need for evaluatıon of the effective- 
ness of all forms of continuing education, including 
EBC. 
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Sources of Epidemiologic İnformation 


Norma Funkhouser 


In today”s technology-driven vvorld, access to current, 
accurate information is vital. mnformation resources in 
veterinary epidemiology are difficult to identify because 
of their mulüidisciplinary nature. This chapter attempts 
to 1identify some specific information resources in veteri- 
nary epidemiology categorized by format, both print 
and electronic. Talking viüth other people is often the 
fastest vvay to obtain the most current information, espe- 
cially on research profects. 
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Printed Format İnformation 


Print resources can be separated into monographs 
(books), fournals, specific fournal articles, conference 
proceedings, and other ephemeral or grey İlterature, 
including pamphlets and brochures. 


Monographs 


Monographs are books on a single mafor topic. The fol- 
lovring İlst includes some of the most recent monograph 
publicationsin the fteld of veterinary epidemiology: 

e Toma B, Vaillancourt PTP (eds). Decizconary of 
Veterinary Epbodemtology. Ames, Tlovva: lovva State 
University Press, 1999, ISBN 081382639X, 284 
pages, paperback, approx. $60.00. Defines epidemi- 
ologic terms and terms from several related ftelds, 
including ecology, statistics, economics, pathology, 
and preventive medicine. Examples are given of 
term usage and many cross-references. No index. 
Toma B. Apöüed Veterinary Ebideməoology and the Control 
of Disease in Animal Pobulattons. France: Maisons- 
Alfort, 1999, ISBN 9290444878, 536 pages, approx. 
360 FRF ($46 USD). Translated by Alexandra Shavv 
from the original French publication in 1996. 

e Tongeyan F, Camus E, Goff VVL (eds). Tyoğzcal 

Vztermary Medicine: Molecular Ebüdemoology, Flemobarasiles 

and Theitr Vectors, and General Tobtcs. Nev York: Nev 
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York Academy of Sciences, 1998, ISBN 1573311421, 
550 pages, paperback. A report on sessions held ata 
May 1997 conference in Montpelier, France. 
Thrusfteld M. Vezerimary Ebidemiology (ed 2). Oxford: 
Blackvveell Science, 1995. ISBN 0632048514, 496 
pages, approx. $57.00. 

Martin SVV, Meek AH, VVilleberg P. Vezer/mary 
Epbodemtology: Princibles and. Methods. Ames, Tovva: 
Iovva State University Press, 1987, ISBN 0813818567, 
356 pages. 

Smith R. Vezerimary Clinical Epidemioology: A Problem- 
Ortented Aböroach (ed 2). Boca Raton, FL: CRC Press, 
1905, ISBN 0849324459, 279 pages, approx. 
$85.00.This book focuses on the application of epi- 
demfiologic principles and techniques to problems 
regularly faced by veterinary practitioners. 
Numerous examples from the veterinary İlterature 
indicate hov expertence vith pattents can be used 
to explore issues of importance in the practice of 
veterinary medicine vvhile controlling for bias, con- 
founding, and chance. The first part of the book 
focuses on the application of epidemiology in med- 
ical decision making. The second part focuses 
on the epidemiology of disease in populations and 
outbreak investigation. A glossary of epidemiologic 
terms and an extensive bibliography are also includ- 
ed. The second edition includes myriad updates 
to reflect the expanding use of epidemiologic 
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methodology in clinical research. This book serves 
as both a teaching resource for veterinary epidemi- 
ology and a reference on the application of epidemi- 
ologic methods in veterinary clinical research. 
Revtevv posted to 2£/ö://amazon.com. 

Other veterinary epidemfology publications focus- 


ing on a specific disease condition or microorganism 
include the folloving: 


Tidholm A. Canöne İdeobathic Dilated Cardiomyobathy: 
Epıdemoology, Hüstobathology and Pathophystology, 
Svvedish University of Agricultural Sciences, 
Uppsala, Svveden, 2000, ISBN 915765932X, various 
paging, dissertation. 

Saeed AM, Gast RK, Potter ME (eds). Salmonella 
Enterica Serovar Enteritidis 2? FFumams and Amimals: 
Epidemiology, Pathogenesis, and Control, Ames, lovva: lova 
State University Press, 1999, ISBN 0813827078, 445 
pages, approx. $160.00. A comprehensive reviev ofan 
emerging pathogen vith responses by public health 
authorities on controlling outbreaks of the disease. 
Finley D. Mad Dogs: The Neu Rabies Plague (Louise 
Lindsey Merrick Natural Environment Series, No 
26). College Station: Texas A8ğ-M University Press, 
1998, ISBN 0890968225, 252 pages, paperback, 
approx. $15.00. A chronicle of a rabies outbreak on 
the Texas border, including political and side issues 
inhibiting institution of an effective U.S. rabies vac- 
cination program. 
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İournals 


The most videly used 7ournal in this fteld is Preveni?ve 
Veterinary Medicine, published by Elsevier Science, 
Nev York. This is the official fournal of the 
International Soctety of Veterinary Epidemiology and 
Economics (ISVEE). The veb site for subscriptions and 
further information is http:/ / vvvvv.elsevter.nl/ locate/ 
prevetmed /. This 7ournal 1s also available in full-text 
electronic format to librartes and individuals subserib- 
ing to the printeedition. 

Other fournals, vhich may occasionally publish vet- 
erinary epidemitology articles in the subiect area of gen- 
eral epidemifology, are as follovs, in alphabetical order 
by fournal title: 

e American lournal of Ebidemoology, VVilliams 6: VVilkins, 

Baltimore, MD. 

ə Epodemiological Bulletin, Pan American Health 
Organization, VVashington, D.C. 
e Epidemeology and İnfectüon, Cambridge, University 

Press, Nev York, NY. 

ə Ebimong?toy, Roger Bernter Publishers, Rosvvell, GA. 
e Fuvobean lournal of Public Health, Almavist $£: VViksell 

Imternatıonal, Stockholm, Svveden. 

ə Genelic Ebüdemiology, Alan R. Liss, Nevv York. 
e İnternational  lournal of Epbidemiology, Oxford 

University Press, London. 

e /ournal of Cincal Ebidemoology, Pergamon Press, Nevv 

York. 
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ə /ournal of Ebidemioology and Bioostatistics, MİS Medical 
Medra, Oxford. 

ə /ournal of Ebodeməology and Commumiy Health, British 
Medical Association, London. 

e Neuroebidemtology, S. Karger, Nevv York. 


YOURNAL ARTİCLES Tournal articles on veterinary epi- 
demiology are videly published. Some of the mayor 
peer-revievved 1ournals in this subfect area vvere listed 
earlier. 

AT ofthe relevant fournals listed in the prevtous sec- 
tion (except Eğ?zmon3tor) are indexed in the MEDLINE 
bibliographic database, published by the National 
Library of Medicine in Bethesda, Maryland. Searching 
that database for bibliographies of yournal articles 1s 
available to the public vvorldvide at no charge for any- 
one vvith access to the Internet/ VVorld VVide VVeb. The 
database posted on the veb is called PubMed and 1s 
found at the URL http:/ /vvvv.ncbi.nlm.nih.gov/ 
pubmed/. Searches can also be done on request to a 
medical or veterinary İibrary. 

Additional 1Tournal articles may be located by 
searching the CAB International bibliographic data- 
base, CAB Abstracts. CABI indexes veterinary and agri- 
cultural fournals vveorldvide and makes available a much 
larger collection of Tournal articles than Medline. 
Hovvever, access 1s restricted to those vvho subscribe to 
their services. İnformation on pricing is available at 
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http:/ / vvvvvv.cabi.org/. Searches of this database may 
also be requested from any veterinary library. A listing of 
all North American veterinary school librartes, their 
hours of operation, phone and fax numbers, and con- 
tact person”s name 1s published as part of the member- 
ship directory of the American Veterinary Medrcal 
Association. 

The Royal College of Veterinary Surgeons has 
also posted a bibliography of Eovzdence-based Veterinary 
Medicine Vournal articles on its vveb site at http:/ / 
VVVVVV.TcVS.OTg.uk/. These articles cover a 10-year span of 
time from 1988 to 1998. 

Links to tables of contents of over 150 veterinary 
yournals are posted on the vveb by lean-Paul Yette, veteri- 
nary librarian at the University of Montreal, as each 1our- 
nal 1s recelved in that library. This veb site also has lists 
titles of proceedings that have been published. The URL 
is )£tb:/ /urura meduet umontveal ca/biblio/vetir himl. 

Photocoptes of articles located can be requested 
from any veterinary library or through the interlibrary 
loan department of a local public library. 


Conference Proceedings 


Conference proceedings of professional groupsin the 
area of veterinary epidemiology are published irregular- 
İy. Many groups meet every year, some less frequently. A 
list of tvyo of the most pertinent includes 
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e Salman MD, Morley PS, Ruch-Galle R. /SVEE 9: 
Breckenridge, Colorado, August 6—11, 2000: Proceedimngs: 
9th Symbostum of the İmternattonal Soceety for Veterinary 
Epbidemoology and Economics, 2000, 1415 pages. 
http:/ /vvvvvy.evmbs.colostate.edu/ eveadss/ isvee / isv 
ee.htm. This symposium occurs every 3 years. 
Goodall EA, Thrusfield M. Soczety for Veterinary 
Epodemtology and Prevenitve Medicine: Proceedimgs of a 
Meeting Held at the Uneversity of Edinburygh on the 29th, 
30th, and 31st of March 2000.15BN 09480734446, 245 
pages. http:/ /vvvvv.vie.gla.ac.uk/ svepm/ proceed- 
ings.html. This conference is annual. 


“Grey” Literature 


“Grey” literature consists of vrritten material that has not 
been published by the usual publishing compantes butis 
still printed and available to purchase (or dovnload). 
The National Animal Health Monitoring System 
(NAHMS) results from USDA are one example of grey 
İiterature. APHIS pamphlets are another. More exam- 
ples are provided in the follovrng list: 

e Animal and Plant Health Inspection Service. 
Highüghis of Layers “99 Study Resulis: Salmonella 
enterica serofybe Enteritidis, USDA APHIS, 2000, 2 
pages.Animal and Plant Health Inspection Service. 
Fumonisin Bİ in Horse Grain,/Concentrate on, U.S. Horse 
Oberations, USDA APHIS, 2000, 2 pages. 
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ə Animal and Plant Health Inspection Service. 

Internal Parasites 6” U.S. Horses, USDA APHIS, 2000, 

2 pages. 

The preceding U.S. government publications are 
available from the USDA and indexed in mafor biblio- 
graphic databases, making their existence a bit easter to 
verify. Many authoritative, informative veterinary publı- 
cations, such as studies done by petfood or animal phar- 
maceutical compantes, are published irregularly and 
not indexed anyvhere. Obtaining coptes is most diffi- 
cult. A nearby College of Veterinary Medicine library 
can be contacted for additional resources. A listing of 
North American veterinary librartes can be found in the 
Membership Directory of the American Veterinary 
Medrcal Association, giving the address of the library, 
the hours of operations, services provided, and the 
name of a contact person. 


General Epidemiology 


General epidemiology vvorks vith an emphasis on 
human medicine abound. For purposes of this book, the 
follovying is alist ofsome of the monograph publications 
viith a more clinical emphasis: 

ə Gordis L. Epodemeoology (ed 2). Philadelphia: VV.B. 
Saunders, 2000, ISBN 0721683358, 320 pages, 
$36.95. Includes sections on the epidemiologic 
approach to disease, using epidemiology to identify 
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the cause of disease and appİying epidemiology to 
evaluation and policy. Concludes vith a chapter on 
ethical and professional issues in epidemiology. 
Greenberg RS, Boring TR, Eley TVV. Medical 
Epbodemtology (ed 3). Nev York: Lange Medical 
Books/ McGrav-Hill, 2001. ISBN 0838562957, 215 
pages, $34.95. Includes a basic introduction to epi- 
demiology and chapters on clinical trials, cohort 
studies, case-control studies and interpretation of 
the epidemiologic literature. 

Katz DL. CZmcal Ebidemology and. Eudence-Based 
Medicine: Fundamental Prineples of Cimical Reasoning 
and Research. Vhousand Oaks: Sage Publication, 2001, 
ISBN 0761919584, 280 pages, paperback, $52.95. 
Hulley SB, Cummings SR, Brovner VVS. es:gning 
Clnacal Research: An Ebidemiologic Abbroach (ed 2). 
Philadelphia: Lippincott VVilliams 6: VVilkins, 2001. 
ISBN 0781722187, 336 pages, paperback, approx. 
$40.00. Emphasizes common sense approach to 
planning and implementing clinical research. Good 
information on designing research profects, study 
design, data collection, quality assurance, and grant 
PTOposal vriting. 

Szklo M, yVavier Nteto F. Eğedemiology: Beyond the 
Basics. Gaithersburg, MD: Aspen Press, 2000, ISBN 
0834206188, 405 pages, approx. $55.00. An inter- 
mediate text comparing different study designs, epi- 
demiologic methods, and bias. 
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The folloving lists a couple of practical “handbook” 
(1ots ofoutlines and basic principles) general epidemiol- 
ogy books: 

ə Torrence ME. Upderstanding Ebidemeology (Mosby”s 
Biomeditcal Science Series). St. Louis: Mosby, Inc. 
1997, ISBN 0815188870, 180 pages, paperback, 
approx. $28.00. 

ə Streiner DL, Norman TR. PDQ Eğəodemiology (ed 2). 
St. Louis: Mosby, Inc. 1996, ISBN 0815190468, 160 
pages, paperback, approx. $20.00. 


Electronic Resources 


As of 2001, there are very fevv electronic monograph 
publications in epidemiology. Certainly, as publishers 
make decisions on İlcensing, additional resources vill 
become avallable in electronic format. A fev that are 
available are presented in the follovring list: 

ə http:/ /vvvvvv.bmi.com/epidem/epid.html. 
Epidemiology for the Uninitlated, 4th edition by D. 
Coggen, Geoffrey Rose and D/P Barker, BM) 
Publishing Group, 1997. 

e http:/ / vvvvvv.fic.gov/ EVİIDENCE/ science / sc ev. 
sec.html. The Reference Manual on Seentific Evidence 
found atthe above URL on the internetis published 
by the U.S. Federal yudicial Center. İt contains back- 
ground information on scientific evidence based on 
statistical and epidemiological analyses for use by 
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U.S. federal yudges. There is a section titled Fef/erence 
Guqde on Ebüdemoology. 


Full-Text Electronic lournal Articles 


More and more veterinary yournals are being made 
available on the internetin full-text electronic format. A 
fevv are free to the user. Usually, a fournal publisher”s 
vveb page permits access to the table of contents to 
recent or archived issues and encourages the user to sub- 
scribe to the (ournal to get access to the electronic for- 
mat. Some titles are only available in electronic format, 
but moststill market the printed copy vith access to elec- 
tronic format (if available at all) as an add-on. Prevent?ve 
Veterinary Medicine, published by Elsevter Science is avail- 
able in libraries vvho have subsecribed to “Science Direct,” 
Elsevter”s electronic iournal database or to individuals 
vvho have a current print subscription and vo have sub- 
scribed to Elsevter”s “Science Direct VVeb Editions” ser- 
vice for an additional fee. 


Databases 


Databases can be categorized into those providing bibli- 
ographic information and those vüith statistical or 
numeric information. There is also an emerging trend 
to produce “metadata” or data about data. An example 
Of this vvould be a database of other databases. 
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Several bibliographic databases have already been 
mentioned. In addition to the PubMed (http:/ / vvv.. 
ncbi.nlm.nih.gov/ pubmed/) and CAB Tnternational 
(http:/ / vvvvvv.cabi.org) databases, veterinarians should 
be avvare of Agricola, a database produced by the 
National Agriculture Library. Agricola is free to the pub- 
lic and accessible on the vveb at http:/ /vvvv.nal. 
usda.gov/. This database contains citations to fournal 
articles, conference proceedings, books and, some- 
times, book chapters, available at the National 
Agriculture Library in Bethesda, MD. Itis especially use- 
ful for large animal medicine information. 

The value of a database is dependent on the ability of 
the user to extract useful information from it. Given the 
broad scope of veterinary epidemiology, it vill be left to 
the reader to determine vrhether or not a particular data- 
base fills an information need. The reader should remem- 
ber that URLs for veb sites change frequentiy. If the site 
İisted is not found at the specific URL given, the URL for 
the homepage can be accessed and additional links can 
be follovved from there. Also, veterinary medical topics 
are often found under the headıng of animal health. The 
follovving is. a short list of some numeric or statistical data- 
bases available to the public on the internet: 

ə The National Center for Health Statistics makes 
available an extensive İist of health statistics databases 
at their vveb site at http:/ / vyvvv.cdc.gov/ nchs/ 
products/ pubs,/ pubd/ hus, hus.htm. 
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ə FedStats provides statistics on human health and 
demographics from more than 100 U.S. Federal 
agenctes at http:/ / vvvvvv.fedstats.gov/ vvith links to 
statistics by topic or by agency. 

ə U. S. Department of Agriculture, Animal and 
Plant Health Inspection Services, Veterinary 
Services division vveb site at http:/ / vvvvv.aphis.usda. 
gov/vs/ gives reports on cattle, horses, pigs, poultry, 
sheep, aquaculture, and vildlife. Reports are 
posted by the Center for Animal Health Monitoring, 
the National Animal Health Programs, and 
Emergenecy Programs divisions and includes 
research profect results, general information, and 
fact sheets, as vvell as articles on current topics of 
concern. 

The USDA also posts a veb site for the National 
Agricultural Statistics Service at http:/ /vvvvvv.usda.gov/ 
nass/ vvith publications, graphics, census of agriculture, 
statistical research and state information on U.S. agricul- 
tural product and markets. The site is searchable by key- 
vvord. This is onİy a short list of statistical and numeric 
databases available to the public. A VVeb search softvare, 
such as http:/ / altavista.com or http:/ / vvvvvy.google.com, 
can be used to search for “numerical database” or “statis- 
tical database” These vill retrieve an extensive list. Many 
university librartes have links to such databases, vith 
notations on vhich ones are restricted to university users 
and vvhich are open to the publıc. 
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VVeb Sites 


A great deal of the information resources already men- 
tioned are posted on the internet. In addition, veteri- 
nary epidemiologists should be avvare of the links 
provided by NetVet at http:/ / netvet.vvustl.edu/. In the 
“Veterinary Resources” category, select “Spectalties” to 
find “Epidemiology.” Also, the links available under 
“Education” can be used to connect to veterinary col- 
leges around the vvorİd and to discover vhat resources 
are available on the VVeb in the various departments 
teaching veterinary epidemiology courses. İnformation 
on zoonoses vvith links to many sources at the VVorld 
Health Organization is also available: 

e http:/ / vvvVVV.vetmed.vvsu.edu / courses-Imgay/ 
Epilinks.htm is an extensive list of epidemiology 
and evidence-based medicine vveb sites for vet- 
erinarians posted by l/ohn M. Gay, DVM PhD 
DACVPM ACE, of the College of Veterinary 
Medicine at VVashington State University. Be avvare 
that such sites posted by individuals are subiect to 
change. 

ə “Virtual Rounds—Evidence-based Veterinary 
Medicine” found at http:/ / vvvyvv.cvm.uluc.edu/ 
courses/ VP350/ rounds/ RoundsFome.htm posted 
by Dr. Ronald D. Smith, University of Illinots, is an 
informative site featuring analysis of cases seen at 
the University of lIllinois Veterinary Medical 
Teaching Hospital. 


24 


Sources of Epidemiologic İnformation 


FpiVetNet is hosted by Dr. Dirk Pfeiffer, Royal 
Veterinary College, London, England, at http:/ / 
epivveb.massey.ac.nz/. EpiVetNet probabiy links to 
the most extensive collection of specifically veteri- 
nary epidemiology information on the VVeb. This 
site also features a İlnk to foin a number of veteri- 
nary epidemiology— or general epidemiology — 
related internet discussion lists. A mirror site 1s 
located at Massey University s EpiCenter: http:/ / 
epicentre .massey.ac.nz/. This site features links to 
several veterinary epidemiology softvvare programs. 
Development of the EpiMAN softvare vith versions 
for management of tuberculosis, foot and mouth 
disease, svvine fever, and food safety is a profect of 
EpiCenter Softvvare Development Group and 1s 
described at this site. 

The Royal College of Veterinary Surgeons maintains 
a vveb site concerning evidence-based Veterinary 
Medicine at http:/ / vvvvvv.revslibrary.org.uk/ ebvm. 
html, vrhich features some of the prevtously İlsted 
links in addition to a bibliography of articles. 

The University of Glasgov and the University of 
Strathciyde in Glasgov, Scotland host a vveb site on 
Veterinary Informatics and Epidemiology at 
http:/ /vvvvv.vie.gla.ac.uk/. This site features links to 
information on the research profects of the 
Veterinary İnformatics and Epidemiology Group, a 
yoint research group of these universittes. A bibliog- 
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raphy of publications of members is mentioned 
prevtousily. 

ə The veb site of the Association of Teachers of 
Veterinary Public Health and Preventive Medicine 
at http:/ / vyvvvv.evm.uiuc.edu/ atvphpm, is hosted by 
the University of Illinois, vith Dr. Ronald D. Smith as 
vvebmaster. In addition to association-related infor- 
mation, there are numerous links to veterinary epi- 
demiology softvvare, online educational resources, 
and other related organizations. Links to the associ- 
ation nevsletter and the online version of Preveni?ve 
Veterinary Medicine are also featured. 

e One general epidemiology veb site vvorth listing 1s 
hosted by the United States Centers for Disease 
Control. The veb site, called Excəfe, can be found at 
http:/ / vvvyvv.cdc.gov/ excite. It features extensive 
links to all aspects of teaching epidemiology vith 
an emphasis on human health as vell as on-line 
yournals. 


People 


It cannot be emphasized strongly enough that people 
are the best resource for current information. A 
research profect or a drug trial can take months. Even 
case reports may not be up to date. A book is usually 
years in preparation and publication. lournal articles, 
although more current than monographs, still can take 
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months before appearing in print. After an article is sub- 
mitted to a yournal, it must go through the peer-revievv 
process and then vait in a queue vith other articles 
accepted to be published. Unless one is a personal sub- 
scriber to a fournal, or a frequent library visitor, exis- 
tence of an article is usually discovered by searching a 
bibliographic database. Database services take on the 
average 6 months after publication to index an article. 
Articles from international 1ournals take even longer. 
The National Library of Medicine, vith the PubMed ver- 
sion of the Medline database, is making a concerted 
effort to speed the indexing process by entering abbrevi- 
ated citations tagged “PreMedline” entrtes, vvith no 
abstracts. Hovvever, unless a relevant keyvvord appearsin 
the title of these articles, they can be difficult to retrieve 
in a search. 

Veterinary librarians are usually a good source for 
the latestinformation resources. A listing of members of 
the Veterinary Medtrcal Librartes Section of the Medical 
Library Association can be found at http:/ / filebox. 
vt.edu/ vetmed/lib/vmls/. The group s veb site 1s 
hosted by Virginia Tech University. 
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Searching and Retrieving information 


Norma Funkhouser 


Searching for Print Information 


Monographs and 7ournals published in the subfect area 
of veterinary epidemiology can be located using databases 
maintained by university lİlbraries, bookstores, and 
union catalogs (special library conglomerations ofinfor- 
mation sources). These resources are, for the most part, 
available using the internet. Use NetVet or the American 
Veterinary Medrcal Association (AVMA) membership 
27 
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directory to locate a İlsting of veterinary librartes. 
Connect to their vveb sites and search their online cata- 
logs for nev books in this subfect area. Search 
http:/ /amazon.com or Barnes $€: Noble at http:// 
Vvvyvy.bn.com for recently published vorks. VVeb sites of 
book publishers are also good resources for listings of 
nevv or planned book publications. OCLC (a library 
database resource) provides access, only through 
libraries, both public and academic based, to First 
Search, a huge union catalog of holdings of libraries 
from all over the United States. İt is videly used by inter- 
library loan departments as a resource to identify vhich 
libraries ovn vhich books and ?7ournals, but it can be 
searched by keyvvord to locate all books or yournalsin 
the database in a particular subfect area. 


General Searching Tips 


VOCABULARY, VOCABULARY, VOCABULARYI VVhen 
searching bibliographic databases for veterinary epi- 
demiology information, vocabulary is criticall The vet- 
erinary literature is not indexed as carefuliy as the 
İiterature in human medicine, and the vocabulary 1s 
not as controlled. A bibliographic database 1s only use- 
ful if it can be easily searched and relevant citations 
retrieved. 

PubMed, the publicly accessible Medline database 
posted on the veb by the National Library of Medicine 
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at http:/ / vvvvvv.ncbi.nlm.nih.gov/ pubmed/, indexes 
only about 68 veterinary yournals. The indexing and 
vocabulary control is excellent, vith all citations being 
assigned specific Medical Subyect Headings (MeSH). 
Hovvever, it has only been in the past 10 years or so, at the 
urging of veterinary librarians across the country, that 
the indexing of veterinary yournal articles has been as 
strict (see examples later). 

CAB Abstracts, produced by CAB Tnternattonal, 
based in Readıng, England is the premter bibliographic 
database for veterinary iournal article information. 
Hovvever, CAB A bstracts 1s not available for free. Most 
university veterinary school librartes subscribe to CAB, 
and access can be obtained at those facilittes. İt is 
possible for an individual or a veterinary practice to 
subscribe to CAB through their veb site at http:/ / 
vvvyvy.cabi.org/. Hovvever, it is fairİy expensive. İt is criti- 
cal to be avvare that CAB Abstracts uses British spellings 
in their indexing. Citations and abstracts from yournals 
published in the United States are not changed to 
include British spellings, but the descriptive terms 
assigned to each article do use British spelling, for 
example, haemoglobin for hemoglobin, oestrus or 
estrus, and theatre for theater. In addition, the produc- 
ers of CAB, on occasion, compose abstracts for articles 
that are considered important, published in ?ournals 
that do not othervise require an author-composed 
abstract. British spelling is used for these CABI 


30 Searching and Retrieving Information 


produced abstracts. Vocabulary in CAB is not strictly 
controlled. It is necessary to use a vartety of synonyms 
to obtain good retrteval. Do not use yust “dog” but 
include “canine” and “canis” and any plurals that may 
apply. A CAB Abstracts Thesaurus 1s published and 
available in most veterinary İlbrartes. Also, the database 
uses “CABI codes” to index articles, but they are not 
strictly applted to all articles, especially older ones. 

The same cautions appiy to the Agricola database, 
from the National Agriculture Library. Vocabulary is not 
strictİy controlled-—synonyms should be used. 

The search should be kept simple, using the broad- 
est possible vocabulary terms and limiting retrteval after 
seeing hov much informatton is avallable. 


Example Searches 


The folloving are some common types of questions 
asked in veterinary practice that are epidemiologic in 
nature. After each question, the search strategy 1s used to 
find the relevant citations listed. PubMed, the database 
to vvhich everyone has access, is available at 2f/p:// 
duxu, nebi. nim.nüh. gov /bubmed/. 


Question 


Is it necessary to give antibiotics perioperatively in dogs 
or cats vyith uncomplicated orthopedic surgery? 
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SEARCH STRATEGY Start by selecting vvords from the 
question that are specific and unique—iın this case peri- 
operative. Do not search a vvord using hyphenation— 
search for perioperative. Place limits of “animal” and 
“English language” on this search. AlI PubMed citations 
are tagged “human,” “animal,” or both. Search for the 
phrase orthopedic surgery. Search for dogs OR cats. No 
need to use feline or canine synonyms. The Medical 
Subfect Headings for animals use their common name 
in plural form. Boolean connectors, such as AND, OR, 
NOT, must be in UPPER CASE vhen searching 
PubMed. Nov display the search history and combine 
the retrieved sets by searching for F1 AND ?2AND f?f3. 
Remember to use the £ sign before all set numbers. 
e One article: Effect of perioperative prophylactic 
antimicrobial treatment in dogs undergoing elec- 
tive orthopedic surgery. /AVMA 1999, 215:212-216. 


Question 


Hovv vell do heartvorm test kits vvork in cats? 


SEARCH STRATEGY Checking the Medical Subiect 
Headings vill not turn up an entry for “test kits.” On a 
general question such as this, it is best to conduct a 
broad search for heartvvorm AND catts. If retrteval is less 
than 50 or 60 citations, it 1s better to scan them for rele- 
vance than to attempt to narrov the search further. See 
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Chapter 4 for addıtional suggestions. Adding additional 
terms may eliminate important articles. 
ə Several articles, including the main article: 
Performance of serologic tests used to detect heart- 
vvorm infection in cats. /AVMA 2000, 216:695—700. 


Question 


Hovv effective is bovine respiratory syneyttal virus vac- 
cine in covvs? 


SEARCH STRATEGY Use the specific phrase bovine respi- 
ratory syneytial virus (as it is not likely to be a Medical 
Subfiect Headıng) AND vaccine. Because this question 
viill probabiy be ansveered by a clinical trial, İlmit to that 
publication type. This search should also be run in the 
Agricola database from the National Agriculture Library 
at http:/ /vvvvvv.nal.usda.gov/ because PubMed does not 
index many large animal veterinary fournals. 
e Several articles, including the main article: 

Milk production and reproductive performance in 
dairy covvs given BRSV vaccine prtor to parturition. 
/AVMA 1997, 210:1779-1787. 


Question 


Does continuing education change the vay veterinari- 
ans and cltents manage their herds (specificaliy dairy)? 
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SEARCH STRATEGY Search for the phrase continuing 
education combined vith herd management. This 
search should also be run in the Agricola database 
from the National Agriculture Library at http:/ / 
VVvyvy.nal.usda.gov/ since PubMed does notindex many 
large animal veterinary iournals. 

e Tvvo articles, including the main article: Effect of 
participation by veterinarians in a dairy production 
medicine continuing education course on manage- 
ment practices and performance of cltent herds. 
/AVMA 1996, 209: 1086-1090. 


Question 


Hov helpful are the terms used to describe prognosis in 
veterinary medicine? 


SEARCH STRATEGY This is tough question. Consider that 
the plural of prognosis is prognoses, and use truncation 
in this search. The ” is the accepted symbol in PubMed, 
so search prognos"” to retrteve both singular and plural 
forms of the vvord. The phrase veferimary medicine has 
not been a medical subiect headıng for very long. Ifa 
search using veterinary medicine AND prognos” does 
not retrieve anything useful, do not give upl There 
may some older articles that vill ansvver the question. 
Brovvse the MeSH headıings, a selection in the sidebar 
of PubMed, to learn that some “see also” terms for 
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“veterinary medicine” include “animal diseases.” Searching 
for animal disease” and prognos” retrieves some rele- 
vant citations. 
ə Several articles, including the main article: 
Usefulness of prognoses: qualitative terms vs quanti- 
tative terms. /AVMA 1985, 187: 700—7038. 


Question 


Hovv good are the feline leukemia virus vaccines at pre- 
venting disease in cats? 


SEARCH STRATEGY Use the synonym €//7cacy for the 
phrase “hovv good are.” Combine feline leukemlia virus 
AND efficacy AND vaccine. If too many articles are 
retrieved, try limiting to English or revtev articles asa 
publication type. See Chapter 4 for additional vvays to 
İlmit the number of articles. 
ə Several articles, including the main article: 
Immunogenicity and efficacy of a commercial feline 
leukemia virus vaccine. /VZM 1998, 7:34—39. 


Question 


Does E. coli antiserum prevent disease / death in foals? 


SEARCH STRATEGY Remember to use full genus species 
names vhen searching bacterial organisms. Search 
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Escherichia AND foals AND antiser”. This search should 
also be run in the Agricola database from the National 
Agriculture Library at http:/ /vvvvvv.nal.usda.gov/ since 
PubMed does not index many large animal veterinary 
yournals. 

ə A fev articles, including the main article: 
Randomized controlled trial of effects of E. co/? anti- 
serum on serum immunoglobulin G concentration 
and morhbidity and mortality rates in foals. FAVMA 
1998, 212:1746—1750. 


Searching the internet for İnformation 


Almost every search engine available on the internet 
has its ovn special characteristics and quirks. Some 
search engines search only the titles of vveb pages 
that have been indexed. Some search the entire text of 
a vveb page, or even the text of all the pages linked to 
an anchor page. Some vveb search engines are not 
really anything more than a directory Of sites, catego- 
rized by interest. Yz)oo1s one such site. Complete up-to- 
date information on the latest developments in 
search engines, evaluations of retrteval, and descriptions 
of exactly hovv they vvork can be found at the Search 
Engine VVatch site at http:/ / vvvvvy.searchenginevvatch. 
com/. Information on hov to evaluate information 
located on the internet can be found at VVidener 
University s VVolfgram Memorial Library at http:/ / 
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vvvyvv2.vvidener.edu / VVoligram-Memorial-Library/ 
vvebevaluation / vvebeval.htm. The evaluation resources 
posted at this site are used extensively by librarians 
nationvide vrho teach courses on evaluating veb infor- 
mation. If up-to-date information is important, the date 
a vveb page vvas posted should be checked. 
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initial Evaluation of the Search Results 


Three components are used to evaluate initial search 
results. First, the quality of the article must be deter- 
mined. The quality is affected by the design of the study 
performed, as veell as by the details of the particular 
study. Second, if the study is of reasonabİy good quality 
or if no other information is available, the important 
and useful results must be determined. The third com- 
ponentis to determine hovv or if the results can be used 
in the specific clinical setting. 

In casesin vrhich quite a large number of possibİy use- 
ful articles are found by the search or vrhen time is very 
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Box 4-1. lnitial Screening of Articles 


1. ls the article from a peer-revlevved fournal? This vvill generally 
but not alvvays result in higher quality studies. 

2. Isthe study sponsored by an independent granting agency 
or by the manufacturer of the product? İndependent 
agencles may have more structure and control over the 
quality of the research and less bias than a manufacturer. 

3. Isthe treatment (or other factor being evaluated) readily 
available and vvithin the price range of most of the clients in 
the practice? 

4, If the study is of high quality, vvill the results cause a change 
from current protocols in the practice? 


İlmited, some initial sereening of the articles (Box 4-1) 
may be helpful to find the better articles quickİy. 


Quality of the Data 


Assessing the quality of the article is addressed in 
Chapters 5 to 8 for each of the four common clinical 
questions: treatment and prevention, diagnostic testing, 
prognosis, and causation. The assessment at this stage 
depends heavily on epidemiologic principles and study 
design issues. A number of different summary numbers 
to describe the results are presented and explained. 
Several of these summary numbers can be calculated for 
more than one type of clinical question. Different study 
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designs may also be used for each common clinical ques- 
tion. For clinical questions that concern ovrner opin- 
ions, bellefs, or perceptions, more qualitative studies 
that are generally based on intervievvs or focus groups 
may be performed. A brtef discussion of this type of 
study isin Appendixl. 


Use of Revievv Articles in the Practice Setting 


Many kinds of articles may be considered to be revievv 
articles. In veterinary medicine, revievv articles are 
often considered to be a good starting point for an 
overvtevv of a disease or health problem. But many arti- 
cles mix opinions, beltefs, and data, and the quality of 
information depends on the expertise of the author. A 
systematic revievv article clearly describes vrhere the 
information included comes from and separates fact, 
confecture, and opinion. The articles included in the 
revlevv are evaluated vith an eye tovvard the quality of 
information and its generalıizability. A high-quality sys- 
tematic revievv can provide a clear summary ofdata that 
allovvs the reader to actually apply the facts to the 
patient. Some guidelines for this type of systematic 
revlevv are in Box 4:2. 

Meta-analyses are a special subset of systematic 
revievvs. In the human medical literature, meta- 
analyses are found vith increasing frequency. A 
meta-analysis summarizes the results of several studies, 
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Box 4-2. Key Elements in a Systematic Overvievv 


1. VVas a specific clinically relevant question addressed by the 
author? 

2. Did the author describe hovv articles and information vvere 
included or excluded? 

3. Did the author consider all the important sources oT articles 
and information? 

4. VVere the articles or information included evaluated for the 
quality of information provided? 

5. Could another author generate the same list of articles or 
information and come to similar conclusions? 

6. Did the author make it clear vvhether or not there vvas a 
consensus from the articles or information included vvhen 
determining the ansvver to the question? 


vvrhich are performed in similar vvays to address the 
same clinical question. The summary is accomplished 
by combining the numeric outcome data (such as odds 
ratios, relative risks, or median survival time) or by 
actually reanalyzing the different data sets from mullti- 
ple studies to get an overall consensus of the results. 
Unfortunately, they are performed rarely in veterinary 
medicine, primarily a result of the lack of reasonable 
numbers of different studies focusing on the same 
problem and the vide variability of approaches among 
existing studies. 
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Determining the Design of a Study from an 
Article 


The materials and methods section ofan article provides 
the necessary information to determine the study design 
if the paper is vell vritten and organized. The folloving 
steps provide guidance in determining the study design. 
The stated design in the article may notalvvays be correct 
or completel 

1. Determine vhat the obiectives of the study vvere. 
VVhat vas the exposure or outcome ofinterest for 
the primary obfective? Create a sentence: The 
study examined the vvay the “something” effect- 
ed/ changed/ led to “another thing.” The “some- 
thing” is the exposure, “another thing” is the 
outcome. See Chapter 5 for a discussion of vhat 
an exposure isin epidemiology. 

2. Determine hov the subifects received the expo- 
sure. If the authors or investigators controlled 
vrhich subfect gotvvhich exposure, then the study 
vvas eexperimental, These studies are clinical trials 
Of some type. İf the investigators yust recorded 
the exposure, then the study vvas observational 
and more information is needed to determine 
the study design. 

3. Decide if the study vvas retrospective, prospec- 
tive, or some of each. Studres are retrospective if 
all of the events of interest have occurred at the 
time the profect begins. Studies are prospective 
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if the outcome (and sometimes the exposure) 
has not occurred at the time the profect begins. 
Occasionally, a study vill be ambidirectional, in 
vrhich some of the outcomes of interest have 
already occurred at the time the profect begins 
but some occur after the profect starts. By defini- 
tion, clinical trials are prospective. 


. Determine hov many groups of subfects there 


vvere. VVere these groups distinguished based on 
their exposure status, their outcome status, or 
some other criteria. If there vvere tvvo or more 
groups, then the study vas analytical. Ifitvvasa 
clinical trial of some sort, then the study should 
have at least one nevv intervention and one com- 
parison or control group. If the study vvas obser- 
vational, and there vvas only one group, the study 
is descriptive (either a case report or case ser1es). 
If there vvere tvvo groups, move on to ff5. 


. Determine hov the subfects vere chosen. There 


are three main vvays subyects get chosen for 
observational, analytical studies: (1) they are 
selected because of their exposure? (2) they are 
selected because of their outcome or disease, or 
(3) they vere conventent (all in one place ata 
particular time). If the subyects are selected 
because of their exposure status (e.g., surgery 
versus medical management of a particular prob- 
lem) and then follovved to determine if the dis- 
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ease develops, the study is a cohort study. If the 
subfects vvere selected based on their disease or 
outcome status (e.g., they had glaucoma or they 
vvere free of glaucoma) and their past histories 
explored to determine exposure, then the study 
1s a case-control study. If they vvere selected 
because of some other characteristic or conven- 
ience and then classified as exposed, unexposed, 
diseased, non-diseased, then the study is cross- 
sectional. See Table 4-1 for a brief overvievv 
Of study designs and the general quality of data 
they may provide, vith all other things being 
equal, Note that a poorİy done clinical trial can 
provide vvorse evidence than a vvell-done cohort 
study. 


Useful and lmportant Results 


If an article passes the initial screening and the more 
detailed evaluation for each type of clinical question, 
then the useful results must be identifted. In some arti- 
cles, these results are already calculated and displayed in 
a summary table. In other cases, the results are embed- 
ded in the text or must be calculated using information 
in the article. The practitioner must then be able to 
interpret quantittes like median survival times, preven- 
tive fractions, relative risks, and others before appİying 
the results to the patent at hand. 
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Applicability of the Results to the Specific 
Practice or Patent 


Determining vhether or not the results may be applıica- 
ble to the specific clinical setting requires a yudgment 
call. Some considerations are listed in Box 4:5. 

There are three areas to consider vrhen deciding 
vrhether the patients or cltents are different in impor- 
tant vvays. First, biologic issues or “animal” factors should 
be revteveed. Are there differences betvveen the patients 
at the clinic and those in the study based on the pathology 
or physiologic response? These differences may relate to 
severity of disease, concurrent diseases, and general 
prognosis. Are there differences in drug metabolism, 
immune responses, or environment that could impact 
the efficacy of the treatmentin the clinic”s setting? Are 
breed, gender, age, or spectes likely to be important con- 
siderations in treatment efficacy or the occurrence of 


Box 4-3. Are the Results Applicable to a Specific Clinical 
Setting? 


1. Are the patients or clients different in important vvays? 

2. Hovv much could the patients be helped by this information? 

3. Is there a good veterinary-client relationship, vvhich includes 
information about client preferences, finances, ability to 
provide at home care (if applicable), and other nonmedical 
considerations that might limit the usefulness of this 
information? 
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adverse effects? Information about these topics can 
come from studies of disease pathophysiologyin the lab- 
oratory or practice setting, information on the causative 
agent, pharmacokinetics data and other types of epi- 
demiologic studies such as cohort studies, and case 
TEpOTfts. 

Second, economic and compliance issues, or 
“ovrner factors,” should be revievved. Compliance vith 
the actual admınistration of the treatment or vith 
required monitoring may be influenced by the physical 
disabilities, education level, and knovledge base of the 
ovvner, as vvell as other events in the household or on the 
farm and by the relationship to and value of the animal. 
Good client communrication is critical to assess the likeli- 
hood of treatment acceptance and success. 

Third, access to the necessary equipment, services 
or information on the part of the practitioner may also 
İlmit treatment chotices (“veterinary factors”). In treat- 
ment of 1diopathic epilepsy vith phenobarbital, thera- 
peutic drug monitoring 1s highly recommended. 
Hovvever, availability, turn-around time, and cost may 
İlmit this resource. Accurate information on the fre- 
queney of adverse effects from the treatment may not be 
readily available, particularİly if the treatment is nevv and 
has not been used in large numbers of anımals. 
Estimates of the likelihood of negative events from not 
treating or pursuing another treatment may influence 
the ovrner”s decision. 
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If the patients and cltents are similar enough, the 
next question is to decide if the results are helpful 
enough to try. The extent to vhich a particular treat- 
ment, test, or piece of information from the article can 
help patients can be assessed partly by the measures 
reported in the results. The many different types of 
measures are discussed in the sections on each type of 
clinical question. 

The assumption is made that a veterinary- 
client-patient relationship has been established to 
some degree for patients seen in the practice. Open 
and complete client communication is ecrucial 
vhhen making difficult decisions, especially if the 
supporting data are limited or difficult for clients to 
understand. 
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Making Decisions aboutTreatment 
and Prevention 


There are three main reasons v/hy veterinarians recom- 
mend treatments: to prolong life, to prevent future dis- 
ease or inlury, or to improve the quality of life for the 
patent and the cltent. The clinical questions that focus 
on treatment chortces and preventive measures include 
the folloving topics: 

1. VVhich antibiotic (or other medication) is more 

effective for a specific problem? 
2. Isa medical or surgical approach best? 


9. Hov effective is a vaccine? 
49 
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4. Does a specific flea or other product prevent or 
control infection or infestation? 
Treatments or preventive measures that are evaluat- 
ed are commonly called interventions. 


Quality of the Information 


A clinical trial is the best study design to address the 
questions about treatment or preventton. A clinical trial 
is. a prospective study in vyrhich the investigator controls 
vyhich subfects enter vhich group (tvo or more groups 
may be used). Experiments similar to clinical trials may 
be conducted in the laboratory setting in vyhich not only 
the intervention is controlled but also the environment. 
Clinical trials in the animals” natural environment are 
sometimes called fteld trials. Here, the investigator has 
control over the intervention assigned but has little or 
no control over the general care and environment of the 
animals. 

The subifect is the person, animal, or unit of interest 
(such as herd, pen, kennel) thati1s selected to be in the 
study. Assignment is a term used to describe hov the fac- 
tor or characteristic of interest is allocated to the sub- 

yects. The factor under study is commonly referred to as 
the exposure for studtes of etiology and as the interven- 
tion for studies of efficacy including prognosis. 

Randomization is a process by vrhich each animal is 
assigned to one of the groups using a system thatiis not 
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influenced by the beltefs or preferences of the investiga- 
tor. Tossing a cofin is often considered to be the classic 
random process. Computer-generated random num- 
bers (most spread-sheets can do this) or a printed ran- 
dom numbers table can also be used. Randomly 
assigning pattents to a group helps even out potential 
differences betvveen groups (particularİy for factors that 
are not knovn to be important or cannot be easily meas- 
ured) because these potential differences are also ran- 
domiy scattered betveen groups. Assigning pattents to 
groups based on day of the vveek, order that they arrive 
in the clinic or are run through the chute, or by ear-tag 
number is not random 1n the statistical sense referred to 
here. Depending on the method, there may be consider- 
able bias introduced. For example, if the first 20 cattle to 
go through the chute get antibiotic A and the second 20 
get antibiotic B, the tvvo groups of cattle are not likely to 
be comparable in important vvays. The last 20 maybe the 
sickest (thus slovver to get to the chute), the oldest (thus 
more vvary about the chute), or in some other vvay sys- 
tematically different from the first 20 covs. 

A control group is used as a baseline to shovv vhat 
vvould have happened vithout the intervention of inter- 
est. Control groups may have placebo medrcations or 
sham surgertes, but in general, patients in control 
groups should be treated vith the current best treat- 
ment option. The control group should be as similar as 
possible to the exposed or treated group except for the 
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exposure or intervention being investigated. This means 
that extraneous variables that might also influence the 
outcome (confounding variables) are eliminated from 
the study or divided evenly betvveeen the intervention 
and control groups. Common potential confounding 
variables are age, breed, sex, and spectes. Control 
groups should be concurrent, that is, selected and 
assigned at the same time as the intervention groups. 
The importance of control groups and the possible com- 
plextttes of the use of placebos can be seen in the exam- 
ple of a double-blinded, placebo-controlled crossover 
study that evaluated evening primrose oll as a treatment 
for atopy in dogs.İ A crossover study means that each 
dog receftves each treatment in a specific order. Because 
the authors also included a placebo treatment, they vvere 
able to uncover an apparent improvement in clinical 
scores (based on pruritus, erythema, edema, scaling, 
and coat condition) in both the placebo and treated 
groups during the first part of the study. VVhen the dogs 
that originally received the primrose oll vere svitched to 
the placebo, their scores detertiorated, vvrhereas the dogs 
that vvere svyitched to the primrose oil continued to 
improve. Based on the discussion, although the ovmners 
and investigators vere blinded to the treatment group, 
the clinician assigning the scores vvas not. So there are 
three possibilittes for the improvement of the dogs on 
placebo in the first part of the trial. First, it is possible 
that there vas a placebo effect on the clinician, vhichisa 
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concern for outcome measurements that are subfective. 
Second, the placebo (olive oll) had some unexpected 
effect. Third, there vvere effects of season or environ- 
ment during the time of the first treatments. This vvas 
possible because most dogs began the study during late 
summer and autumn, vhich often isa time of decreasing 
clinical signsin England. The authors tended to belteve 
the third possibility based in part ofthe plasma phospho- 
İlpid profiles. The findings of this study illuminate some 
of the difficulties inherentin clinical trials on ovned ani- 
mals vith subyective outcomes. 

In rare situations, a historical control group may be 
used. This is only appropriate if the course of the dis- 
case 1s predictable and veell documented, and there are 
compelling reasons not to use a concurrent group due 
to ethical considerations or occasionalily financial con- 
straints. In a study evaluating the treatment of general- 
ized demodicosis in adult dogs using milbemycin 
oxime, no concurrent controls vvere used.” The 
authors fustified this by indicating that 24 of the 26 
dogs had been treated aggressively and unsuccessfully 
before entering into the study (the other tvo had had 
demodicosis for 2 years), no reports of spontaneous 
resolution of the disease had ever been published, and 
no other acaricidal treatment vvas used during the 
study. 

Blinding refers to keeping knovledge aboutvhich 
group the subfect vas assigned to secret, vhenever this s 
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possible. Blinding 1s sometimes referred to as masking. 
Single blind studtes prevent the ovrners or caretakers 
from knovving intervention assignment. Double-blind 
studies also keep the clinician responsible for clinical 
care and assessment unavvare of intervention group. 
Triple blinding includes blinding of the ovrner, the clini- 
cian, and the investigators doing the analyses and han- 
dling the data. Although blinding is not alvvays feasible 
(comparing medircal vs surgical effects, for example), it 
vvill strengthen a study. Blinding 1s particularly impor- 
tant vhen the end results of the study tend to be more 
subfective. 

The outcome i1s the endpoint of the study as 
defined and measured by the investigators. İt may 
be referred to as the event of interest. It should be 
explicitly defined in the material and methods section 
of the manuscript. Sometimes the outcome is an inter- 
mediate or surrogate event such as a change in labora- 
tory tests or tumor size rather than the actual clinically 
important event. These surrogate events are usually 
used because of time or costs considerations but can be 
misleading if they do not directly correlate vith the 
clinically relevant outcome. VVhenever possible, the 
actual clinically relevant endporint should be used such 
as survival, recovery, relapse, return to function, 
because these are the truly important outcomes in the 
practice setting. For example, a randomized clinical 
trial on passive immunoglobulin transfer in dairy calves 
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compared colostrum to three commercial colostral- 
supplement products.” The level of IgG 24 hours after 
birth vas used as one endpoint, but the authors also 
evaluated disease occurrence in each of the four 
groupsf1or the first 30 days of life. This latter endpointis 
a much more clinicaliy relevant outcome. One com- 
ment about the article: The authors referred to disease 
frequeney as disease prevalence, but the calves includ- 
ed seemed to be healthy at birth. Therefore, the disease 
frequeney vas likely incidence, in vrhich calves had 
nevviy developed and diagnosed diseases. See later in 
this chapter for a discussion of incidence and preva- 
lence. A similar study of dairy covvs evaluated bovine 
respiratory syneyttal virus vaccine and its effect on milk 
production and reproductive performance, as veell as 
health problems associated vith the virus for the out- 
comcs.? This vyas particularly important for this vaccine 
because the disease in adult cattle is often mild or sub- 
clinical, and the cost-benefit analysis of vaccine use 
needed to include its effects on lactation. 

The best clinical trials have a concurrent control 
group, random assignment of subiects to the different 
groups, and blinding (Box 5-1). They also have relatively 
similar groups receiving the interventions at the begin- 
ning and complete follov-up data on all the patientsvvho 
entered the study. The more “yes” ansvvers to the ques- 
tions in the table, the better the study and the evidence 
provided. 
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Box 5-1. Key Elements Tor Studies of Clinical Trials of 
Treatment or Prevention 


1. VVas there a concurrent control group? 

2. Did the control group receilve the current best intervention 
rather than placebo (if appropriate)? 

3. VVere the subfects randomiy assigned to the groups? 

4. VVere the groups similar atthe beginning of the trial? 

5. VVas there blinding (single, double, or triple) to intervention 
assignment? 

6. VVas there relatively complete fTollovv-up of all subiects 
(58096) that entered the trial? 

7. VVere the results in the different groups relatively large and 
clinically important? 

8. VVas a formal (and appropriate) statistical analysis 
performed? 


A 1999 article on perioperative antibiotics for dogs 
undergoing elective orthopedic surgery provides an 
example ofa veell-designed clinical trial that vvas also vvell 
vritten.? AlI of the 126 dogs that entered the study 
appear to have completed it. The authors used sample 
size calculations to determine that 201 dogs vould be 
needed to detect a difference in infection rate of 470 
(based on another study). After yust over half of the dogs 
vvere enrolled, the infection rate in the saline group vvas 
more than 1576 (much higher than in either antibiotic 
group) and the decision vas appropriately made to end 
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enrollment on ethical grounds. VVhen the tvvo antimi- 
crobial groups vvere combinedq, there vas a statistically 
significant lover rate of infection in those groups com- 
pared vith the saline group. Hovvever, there vas nota 
significant difference betveen antimicrobials. For the 
cefazolin group, 5/48, or 6.396, developed infections, 
for penicillin 1/43, or 2.396, and for saline 5/35, or 
14.276, developed infections. None of these percentages 
vvere significantly different at Pxc0.05. Hovvever, an infec- 
tion rate of 1476 (compared vith 376 to 676) vvrould likely 
be considered clinically important. Because of ethical 
concerns in using a saline control, too fevv dogs vvere 
included in the study to find statistically significant dif- 
ferences at the conclusion of the data collection. The 
authors discussed this in detail and provided some alter- 
native statistical vvays of looking at the results. Overall, 
the results vvere compelling. 


Other Study Designs for Evaluating Treatment 
and Prevention 


VVhen a clinical trial is not available to assess treatments 
or preventions, other study designs may be used and are 
found much more commonly in the veterinary İltera- 
ture. The study designs vvith a control group that vvould 
most commonly be used for treatment or prevention 
include cohort or case-control studies. The primary 
İlmitation for cohort studies is due to the fact that 
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assignment to intervention group is not under the con- 
trol of the investigators. Typically, vvrhich intervention 
the animal recefves is based on the preferences or expe- 
riences of the clinician, on the severity or stage of dis- 
case, or on the preferences or finances of the ovner. Any 
of these reasons can seriousİy undermine the usefulness 
and quality of a study to the point that it is not vvorth 
reading. For example, an article on tvvo different combi- 
nation interventions for vaccine-associated sarcomasin 
cats used a ambidirectional cohort design. Cats vvere 
identified using the medical records. Both groups of cats 
received surgery and radiation, vvrhereas one group 
also received doxorubicin. There vere seven catsin the 
surgery and radiation group, and 189 n the group that 
included doxorubicin. The inclusion of doxorubicin 
vvas made based on the cltents” chotce, even though it 
vvas recommended for all cats. Additional serious limita- 
tions included (1) short follovv-up of some cats (less 
than 3 months) because of the conclusion of the study, 
(2) differences in numbers of prevtous surgerites for the 
tumor among the cats, (3) differences in radiation 
dose and protocol, and (4) small sample size, vyhich pre- 
cluded any statistically significant findings. (The authors 
calculated the povver of the various analyses to be 
betvveen 596 and 18.577.) 

Case-control studies are useful for rare outcomes 
but are nearly alvvays retrospective. Therefore, the 
kind and quality of information available about the 
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intervention 1s uneven at best and missing or com- 
pletely vrong at vvorse. İn veterinary medicine, case- 
control studies are rarely used for intervention 
evaluations. 

Most commohnly, descriptive studies are published 
in the veterinary literature. These observational studies 
do not have a control group and provide poor evidence 
of efficacy. A case report (x10 subfects) or case series 
(210 subfects) includes animals vith some similarity of 
interest. Therefore, to make any use of these designs for 
evaluating efficacy, the reader must be very knovledge- 
able about the usual course of disease and response to 
intervention, the source of the pattents in the study, and 
reasons for intervention chotce (like the cohort study). 
Descriptive studies are appropriate for a very rare or nevv 
disease or unusual presentation of a more common dis- 
ease. They may also be helpful in describing the usual 
clinical course of some exposure or disease. At times, 
makiıng the distinction betveen a case sertes and a retro- 
spective cohort study can be difficult. In general, if the 
obfective of the study vvas a comparison of different 
exposures and animals vvere included based on the 
exposure, then the study vvas a cohort study. Hovvever, 
regardless of the specific study design, the same serious 
İlmitations appİy to a retrospective cohort and a case 
sertes as designed to evaluate an intervention. An exam- 
ple of a case sertes that dravvs conclusions about treat- 
ment efficacy is an article concerning nonhealing ulcers 
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in cats.” This retrospective study revievved the medical 
records of cats diagnosed vvith non-healing corneal 
ulcers (29 cats vvyith 31 ulcers in 9 years). Treatments 
compared vvere debridement, debridement vith grid 
keratotomy, and superficial keratectomy. Because of the 
study design, treatments vvere not randomized and no 
blinding vas used. Tvvo cats vere treated vith superficial 
keratectomy at the ovrners” request. The ages, breeds, 
and sexecs of the affected cats vvere given for the 29 cats. 
No definition of nonhealing ulcer vvas provided, 
although ulcers vith a 1oose lip of epithelium vvere 
included. Limitations of this study for draving conclu- 
sions about treatment included (1) some cats had previ- 
ous histortes of ulcers, (2) no information on vhy a 
given treatment vvas used (except for superficial keratec- 
tomy), (3) 14 eyes (tunknovn number of cats) vere lost 
to follov-up before healing: (4) variable topical treat- 
ments, including different antibiotics and in some cases 
steroids: (5) use Of soft contact lenses in some cats, and 
(6) healing time vvas given as a mean of 5 vveeks for all 
cats, 30 days for debridement alone, 6 vveeks for kerato- 
tomy, and 2 vveeks for the keratectomy cats. The time to 
healing vas not normalily distributed based on the 
ranges given so medians should have been reported. 
Because of the short time to healing of the debridement- 
alone group and the simplicity of this treatment, 
this group might have been the least severely affected, 
(7) no statistical analysis vvas performed. Because of 
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these limitations, no real conclusions about treatment 
are possible. 


Other Sources of Information 


Other common sources of information on treatment 
and prevention are continuing education seminars and 
the manufacturers of the product. Information present- 
ed in continuing education seminars is usually based on 
the experience of the presenter. There may or may not 
be data to support the expert”s opinion, and the expert 
may very vell practice in a different sort of setting than 
the general practitioner. In situations in vvhich no good 
current therapy is avatlable or vyhen the expert is report- 
ing the results of a vvell-conducted clinical trial or critical 
revlevv of available data, continuing education may pro- 
vide data of reasonable to excellent qualıty. 

Pharmaceutical companies may or may not have 
hard data to present. Package inserts usually do not 
provide any kind of evidence for efficacy. A key ques- 
tion to consider is: Hovv does the nevv product compare 
to the existing products? Companies may or may not 
have or release information comparing their nevv 
product vith the competitor, vvhich is realiy the infor- 
mation needed to make informed decisions. Data col- 
lected on proyects performed by the company on the 
company premises are rarely peer revlevved and may be 
biased. 


62 Making Decisions about Treatment 


Results from Clinical Trials 


Typically the outcomes from a clinical trial are summa- 
rized using some measure of incidence. Incidence is 
the number of nev events in the population or group 
over a particular time period. The event may be death, 
recovery, occurrence of a disease, relapse, a particular 
sign or clinical finding, or any other specific measure- 
ment of interest. The key element here is nevv events. 
Therefore, the animal must be free of that event at the 
beginning of the study, so that the event developed 
after the intervention groups vvere formed and inter- 
vention initiated. This means that there vüll alvvays be 
at least tvvo assessments for the event of interest, one 
at the beginning of the study and one later in the study 
to confirm or deny the event occurred vhile the 
patient vas undergoing intervention. İf the study meas- 
ures the frequeney of existing cases (both nev and pre- 
viousİy diagnosed or occurring), then the measure of 
frequeney 1s prevalence. Tvvo common types of inci- 
dence are cumulative incidence and incidence density. 
Cumulative incidence is the number of individuals that 
have the event during the study period divided by the 
number of individuals that could develop the event at 
the start of the study (sometimes called ğoğulatıon at 
risk). For example, in a randomized clinical trial on the 
efficacy of Escherichia coli antiserum in neonatal foals, 
30 of 138 treated foals became ill vith some health 
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problem.5 This corresponds to a cumulative incidence 
of 2290. 

Incidence density has the same numerator as 
cumulative incidence butis divided by the sum of the 
length of time of observation for all individuals before 
the event occurred. This denominator is often meas- 
ured in animal-years at risk or animal-months at risk. 
This measurement 1s used infrequently in veterinary 
medicine. Hovvever, it can be extremely useful in a set- 
ting in vrhich the time the anımals vere included in the 
study varted, as vvould happen if animals veere entered 
into the study across a 2-year time pertod and the study 
ended 3 years after the first animal vvas included. 
One example in the literature is a randomized clinical 
trial of a nev/ feline leukemia vaccine in a communal 
cat shelter setting.” Because cats veere added to the trial 
across a 4-month period and cats died during the 
trial (therefore, had less than the anticipated 1 year of 
exposure to positive cats), incidence density vvas used 
in addition to cumulative incidence. The incidence 
density vvas defined as the number of cats vith the out- 
come (persistent viremia) in the group (vaccinated or 
placebo) divided by the number of months the cats had 
been at risk (exposed to the positive cats after entering 
the study). The incidence density in the vaccınated and 
placebo groups veere then used fTust as a cumulative 
incidence in comparing groups and calculating a pre- 
ventive fraction. 
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To compare the incidence in the tvvo groups, several 
measures are used. Relative risk (RR) is the incidence in 
the treated group, divided by the incidence in the con- 
trol or standard treatment group. RR greater than one 
indicates that the event occurred more often in the treated 
group than the control. RR of less than one means thatit 
occurred less frequently in the treated group than the 
control or that the treatment is protective for the event. 
A RR of one means that there is no difference in the inci- 
dence betvveen the tvvo groups and that there 1s no asso- 
ciation or relationship betveen the event and the 
intervention groups. Hovvever, a measure Of statistical 
significance is needed to tell if the RR isfar enough avvay 
from one to be truly increased or decreased. Pvalues or 
confidence intervals can be used to make this decision. 
In the previous neonatal foal example, the incidence of 
infectious illnesses in treated foals vvas 21 of 138 (896) 
and in control foals vas 27 of 133 (1096).5 The relative 
risk is 8760, divided by 1097 or 0.8. Although this RR is less 
than one, impiİying a protective effect, the difference in 
cumulative incidences vvas not statistically significant 
based on the Pvalue. Therefore, this relative risk of 0.8 1s 
not significantly different from one, and there is no dif- 
ference betvveen the treated and control groupsin the 
İrequency of infectious illness. For the example from the 
study on different colostral-supplements, the incidence 
Of illness for one product vas nine of 13 calves (6970) 
and for another 12 of 14 calves (8696).? The relative risk 
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of illness vvould be 0.8 vvhen comparing the first product 
vvith the second one. Because these cumulative inci- 
dences vvere significantly different from one another, 
this relative risk is significantly different from one. 
Therefore, the first product provides significantİy more 
protection (about 2076 more) against illness than the 
second product (although netther vvas as effective as nat- 
ural colostrum). 

Another measurement that can be used is the attrib- 
utable risk (AR), also called the risk difference. This 
measure 1s calculated by taking the incidence in the 
treated group and subtracting the incidence in the 
control group. This difference is the change in the fre- 
quency of the event attributable to the intervention. A 
positive difference indicates that the incidence is greater 
in the treated group, vvhereas a negative one means that 
the incidence 1s greater in the control group. The 
absolute risk reduction is used in the human literature 
and is the opposite difference (control minus treated). 
The inverse of this quantity is the number needed to 
treat (NNT). The NNTis hov many patients vould need 
to be treated vvith this intervention to give one more 
patient a positive outcome. See Table 5-1 for example 
calculations. 

Another related quantity is the RR reduction. The 
RR reduction uses the control incidence minus the 
intervention incidence and divides by the control inci- 
dence. This is commonly referred to as the preventive 


Making Decisions about Treatment 


66 


Əq /pul UOHUƏAHƏduI Əv) “HEİILUIS 


“Yunulul 
Ipameu o) Dununo22e 
4Ə1€ (699 ƏSBƏSİp 10 
“IS SƏDTpƏl ƏUİD?PA ƏÜT 
“ƏİLVƏHA 
Durulo2əq ülOL pəyuəAəld 
ƏQ III/M ƏUO “DƏ1PUİ2EA 
S182 OAA) AHƏAƏ 10-1 


“ƏUIDƏPA Əü) O) Ənp Sİ EİULƏLA 


qo əəuəpi”uL ül əsPələəp 
Əul 10 (870) Z/1 1no4V 


"SIO1002 Əv1 Ul pəlEpduuo2 


ElUlƏMA dÖlƏAƏD O) //ƏNll 
sp (səull) 70) Z/1 UEU1 sSƏ) 
ƏLHƏM SƏ)PUIO?EA ƏU 1 


Apn3s əu) Sulinp 21UHƏHA 
Anuəşsisiəd əvle?əq 
SƏ15UI??EA Əü1 10 06 /€ 


uoneşə:d.əşul 


“dno,/5 pəsodxəun əv) fonuo2 əv) pup dnolb pəsodxə əql əq o) pələpisuo2 
"ƏəUvəpi?Ul 10 Əinspəli £ SE /2iSUƏp ƏXÜƏDİDUL 10) 3)4OAA OSİE SUORPİn?VE? əsəq 1, 
"NSL əlqelnqıne “yi Pisi ƏAnEyəl “/V “əəuəpixUL əAnEynun? “zə 


90 “40 
/(4£ 0-GS8”0) 
z  g7”0/1 


ƏT 0: 48 0260 


EY ÜR 0/40 
(sI0nu02) 


q 0 z 0Z/Z1 
(SƏTPUI22PA) 


Zu oz/LI 


uoneınəye? əldulex4 


Ionuo2 13 
/pəreən 
I2-104u02 12) 


dv71 


lonuo2 12-pəşpən 12 


lonuo? I?/pənpəu 12 


YSLI 18 
uoneındod/auəAə 
NƏU Ull/A 4ƏQUlnN 


,elnuşo4 


(UOD?E11 
əlqpluəqəld) 
uonənpəl 14 


ıeən 
o) pəpəəu 
1əqulmnN 


dv 


dd 


(12) 


yuəuləinseəyi 


SƏUI?2EA ElulƏynə? ƏUllƏz OAHL 10 fELİL (E?1UİD Əldülex4 
up Sulsfi sIEPLİL fEXVUİD Ul S3uəUlƏinSsPəyy UOululo2 10 SuOHPİn?lEO “L-S ƏlqEL 


Making Decisions about Treatment 67 


fraction in vaccination studies in vrhich the vaccinated 
group is the intervention group. This measure provides 
information about the proportional decrease in the 
event by taking into account the incidence in the control 
group. İt does not give anyidea of the absolute size ofthe 
change in risk. For some other, less commonly used, 
measurements see Thrusfteld. 

Using data from a clinical trial of several feline 
leukemia vaccines, each of these measurements vas 
calculated (see Table 5-1).17 m this example, the event 
Of interest 1s viremia and all kittens veere virus free at the 
start of the study so that the viremla 1s nevly acquired, 
thus measuring the incidence of viremia. Thirty kittens 
vvere included mn the vaccinated group (treated) and 20 
in the control group. 

To illustrate further the differences betveen the 
measurements, Table 5-2 provides some hypothetical 
data. Notice that the relative risk and the preventable 
İraction are the same for all levels of incidence. 
Hovvever, the level of preventable viremfa that can be 
attributed to the vaccination has become trivial (less 
than 570 of cats are protected by the vaccine), and there- 
fore, the number of cats needed to vaccinate to prevent 
viremia in one cat has skyrocketed. Although these num- 
bers seem a bitunrealistic for a vaccınation study and are 
really used here to make a point, in feline leukemlia vac- 
cine testing, some studies do have very lov incidences of 
viremia. 
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Making Decisions about Diagnostic 
and Screening Tests 


A diagnostic test is anything that provides data about the 
health or illness of the pattent. Diagnostic tests include 
the usual laboratory blood and urine tests, as vvell asimag- 
ing techniques (radiography, ultrasound, computed 
tomography scans, magnetic resonance imaging İMRT1), 
physical examınation findings (temperature, ausculta- 
tion), and history (diet, environment, travel). Aİ of these 
tests can be formally evaluated for their accuracy and pre- 
cision. For example, the sensitivity and specificity of physi- 


cal examınation and İymph node aspirates vere evaluated 
71 
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in the diagnosis of metastatic cancer in dogs and cats.l 
Unfortunately, in veterinary medicine, many tests have 
not been evaluated as often asın human mediıcine, and 
there are no central locations (either vritten or electron- 
ic) that summarıze existing data on diagnostic tests. 
Diagnostic tests are use to hone in on the specific 
cause of the disease process 1n patients vuith clinical dis- 
ease. Diagnostic tests may also be used to determine the 
severity of disease, to predict prognosis, to determine 
the likely response to treatment, and to monitor the 
patient”s actual response to treatment. Screening tests 
are used in apparently healthy patitents or patients vvith- 
out clinical signs of the disease ofinterest to look for sub- 
clinical disease. Screening may also be performed to 
find pattents at high risk of developing a disease. Nevv 
tests may by evaluated because there 1s no current test or 
because the current test 1s expensive, risky, invasive, 
painful, or not very good. The same test may often be 
used in both a diagnostic and screening setting (see later 
in this chapter and Table 6-1 and Box 6-2 for information 
on screening tests). Butitis important to recognize that 
the set of pattents seen in each situation vill be different 
and the accuracy of the test vill likevyise vary. It is relative- 
İy simple to tell a normal sound horse from a horse vith 
neurologic disease based on physical examınatıon. İt vill 
not be casy to distinguish a horse vith neurologic signs 
from equine protozoal myeloencephalıitis from a horse 
vvith other kinds of central nervous system disease. 
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Table 6-1. Calculations for Test Accuracy and Application 


Disease- (D-) Disease-— (D—) 
Gold Standard a b 
Results 
Test-- (T-) true positive (TP) false positive (FP) 
Test— (T—) c d 
false negative (FN) true negative (TN) 
axbrıcaıd-eN ac bad 


Prevalence ca EF (a EDbac-d)-D-:/N 

Sensitivity — a/(a r c) — TP/D-E 

Specificity — d/(b -. d) — TN/D- 

PPV — a/ (a r b) — TP/T-. 

NNV z d/ (c cd) - TN/T— 

Likelihood ratio for a positive test — a/a A c/b/b d- 
sensitivity/(1 — specificity) 

Likelihood ratio for a negative test — c/a £ c/d/bd- 
(1 — sensitivity)/specificity 

General likelihood ratio for any particular category of results- 

(likelihood of a particular test result in someone vvith 


disease)/(likelihood of the same test result in someone 
vvithout the disease) 


Because the methods and issuesin evaluating diagnostic 
and screening tests are similar, the discussion about tests 
includes both types unless othervvise indicated. 

Tests are good vhen they consistently yield a positive 
resultin pattents vyith the disease or disorder and negative 
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results in patients free of the disease. The measurements 
that quantify hovv good a testis are false positive and false 
negative rates, sensitivity and specificity, and positive and 
negative predictive values or likelihood ratios. These 
measurements reflect the accuracy of the test. The test 
should also be consistent (sometimes referred to as reli- 
able, repeatable, or reproducible)). This means thatif the 
test 1s repeated on the same sample or patient, the same 
result viill be found. Consisteney also includes similar 
results if the test 1s performed by different technicians or 
veterinarians, as vveell as laboratortes. This type of consis- 
tency depends on the experience of the person perform- 
ing the test and the reaction of the test to variations in the 
environment and the sample. 

To determine the accuracy ofa test, the true health sta- 
tus of that animal must be determined. The gold standard 
is the current best “test” (or combination of information) 
that separates animals vith the disease from animals vith- 
out the disease of interest. Often necropsy or surgery are 
used, but the gold standard may include a combination of 
information about history as veell as other types of tests. Box 
6-1 contains the key elements for a good article on testing. 
The more “yes” ansvvers, the better the article. Sometimes 
tvvo tests are compared vhen neither one is a gold stan- 
dard. See Appendix 2 for a brtef discussion of this topic. 

Screening programs are common in human medi- 
cine but less so in veterinary practice. Still, several com- 
mon programs can be found. A good example is 
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Box 6-1. Key Elements for Studies on Diagnostic Tests 


1. VVas an appropriate gold standard selected based on the 
best available tests? 

2. VVas the nevv test run and compared vvith the gold standard 
(or best avallable test) blindiy in all subiects? This also means 
that the nevv test vvas not part of the gold standard. 

3. VVere the subifects included in the study representative of the 
group in vvhich the test vvould be used iin practice? This 
includes the severity or stage of disease, specles, concurrent 
diseases, etc. 

4. VVere the exact instructions Tor conducting the test 
described or available? 

5. VVas a direct comparison of the gold standard and nevv test 
made using false-positive and false-negative rates, sensitivity 
and specificity, and positive and negative predictive values, 
or likelihood ratios? 

6. Does the test vvork vvell in distinguishing the difficult to 
distinguish patients? 


screening for heartvvorm disease in dogs. See Box 6-2 for 
guidelines for good screening programs. One caveat for 
item 2 in this table is thatfor diseases vyith very long peri- 
ods of time betvveeen potential disease detection and clin- 
ical problems, there vill be many animals diagnosed 
early vith the disease that vill not develop clinical signs 
for many years. For some animals, their age or lifestyle 
vviill preclude their ever developing the clinical disease, 
making screening a vaste of effort and money for their 
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Box 6-2. Considerations Tor Developing and Using 
Screening Programs in Practice 


1. The disease is serious and severe. 

2. The disease has a relatively long asymptomatic period, vvhich 
means that the natural history of the disease is knovvn. 

3. The disease is common. 

4. A treatment (or prevention) exists that vvill improve quality of 
life or survival and is acceptable to the client. 

5. The treatment vvill be more effective if begun during the 
subclinical period of disease. 

6. The test is accurate, precise, and avallable. 

7. The test is safe, easy to perform, inexpensive, and 
acceptable to clients. 


ovvners. A poorİy designed and evaluated screening pro- 
gram can be harmfulif (1) patients are diagnosed vith a 
disease they do not have, causing additional testing, cost, 
and client anxtety, (2) the treatment has not been shovn 
to be beneficial for pattents in the subclinical or early 
stages of diseaseş or (3) the client is unable or unvilling 
to pursue recommended treatmentin spite of an accu- 
rate diagnosis causing guilt, stress, and possibİy ill- 
advised home remedies. 


Results for Diagnostic Tests 


The accuracy Of a test is measured using sensitivity 
and specificity, vvhich are a function of the number of 
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false-negative or false-positive results, respectively. The 
sensitivity and specificity of a test are considered to be a 
property of the test. Hovvever, they vary depending on a 
number of factors, including severity or extent of dis- 
case, standardization of the test technique, and appro- 
priateness of the population in vhich the test has been 
evaluated. The sensitivity of a test is the abılity of the 
test to give positive results among animals that truly 
have disease. The specificity of the test is the ability to 
give negative results among animals that are truly free 
of the disease. "To decide vhether an animal is truly 
free of the disease of interest (the true situation), a 
gold standard test or combination Of tests 1s used. 
The gold standard should be independent of (1.e., not 
related to) the other test being evaluated. Often 
necropsy, histopathology, or surgery are used as a gold 
standard. Hovveever, for some diseases, it is difficult or 
impossible to knovv the true disease situation. The 
prevalence or pretest probability of disease estimates 
hovr likely is it that the animal has the disease before 
the test is used. These estimates commonly come from 
clinical experience, the experience of others, the prac- 
tice database, or articles about the prevalence of the 
disease. Prevalence varies depending on the geograph- 
ic location, type of practice, and sorts of patients that 
are seen. The post-test probability of disease is the best 
estimate of hovv likely the animalis to have the disease 
after the test results are knovn. 
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There are many reasons for tests to be inaccurate. 
The lack of accuracy may be due to a high number of 
false-positive tests (leading to a lov specificity) or a high 
number of false-negative test results (leading to lov sen- 
sitivity) . ln general, the reasons fall into four main cate- 
gortes: (1) the measurement being used to indicate that 
disease 1s present (e.g., antibody, heart murmur, and 
glucose level) is also found in some portion of healthy 
animals or in anımals vith other similar diseases: 
(2) there is individual animal variation in expressing 
vrhat the test measures, (3) there are problems vith the 
sample itself in collection, storage or processing, and 
(4) there are problems vith actually performing the test, 
including level of experience of the person, the level of 
skill and training required to perform the test, and the 
complexity of the test itself, 

Although sensitivity and specificity are important to 
knov,, appiying the test in the clinical setting results only 
in a positive or negative result. So if the test comes back 
positive, hovv İlkely isit that the pattent really has the dis- 
case of interest? This question 1s ansvvered by the posi- 
tive predictive value (PPV ), vvhich provide an estimate of 
the proportion of animals testing positive and having 
the disease. In the situation vith a negative test result, a 
negative predictive value (NPV) indicates hov likely it is 
that the animal is truly free of disease. They are usually 
presented as percentages. Table 6-1 summarıizes the for- 
mulas for calculation of these numbers. 
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Table 6-2. Example Data for Calculations of Sensitivity 


and Specificity 
Disease -- Disease — 
Test - 44.5 (or45) 209 
Test— b. (Or5) 741 
TOTAL: 1000 50 050 


Some adrvice is helpful vhen calculating these values 
from an article or drug insert: Alvvays lay out the 2x2 
table in the same vvay. Doing this means that sensitivity 1s 
alvyays the first column of data, specificity the second col- 
umn, and predictive values vill alvvyays be calculated hor- 
izontally. See Appendix 3 for a step-by-step process to 
vvork from data in articles. 

An example of this process is shovn in Table 6-2. 
Using a heartvvorm antigen test for cats, the sensitivity 1s 
8976 and the specificity is 7876. Im general, heartvvorm 
prevalence in all cats 1s about 1/ 10th that of dogs. 
In Texas, a prevalence of 5706 is a reasonable pretest 
probability. 

Because predictive values are calculated horizontal- 
İy and use information that depends on the prevalence 
of the disease, they are affected by changes in preva- 
lence. For this example the PPV £ 45/ 45 r 209 - 0.18 or 
1876. This means that.a positive test result is correct only 
about 1876 of the time (not very oftenl). The NPV is 
741/741 H 5 — 0.90 or 9996. This means that a negative 
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test result is correct 9996 oftthe time, vith a prevalence of 
590. Using the same sensitivity and specificity, if the dis- 
case is rare (the prevalence is lovv), most animals vill be 
negative and oniy a fevv vill be positive. This means thata 
negative result is very likely to be true negative (TN), 
vyhereas a positive result is more likely to be a false posi- 
tive (FP). So, in many parts of the country viüth lovver 
prevalence of heartvvorm disease in cats, the NPV vill be 
even higher and the PPV even vvorse. Conversely, as the 
disease becomes more common (the prevalence is high- 
er), then the PPV vill go up and the NPV vill go dovn. 
Hov much the predictive value changes depends on the 
sensitivity and specificity, as vvell as the range of preva- 
lence for the disease. These relationships are true for all 
tests. 

In addition to the trends for NPV and PPV due to 
prevalence, tests vvith very high sensitivity or specificity 
also tend to influence PV in systematic vvays. For tests 
vrith very high specificity (fevv FPs), positive test results 
vvill have a higher PPV than for tests vith lover specificity. 
This means thatiin the extreme case of 10097 specificity, 
PPV vill alvvays be 100976 (TP/TP - 0 İFP1). So highly 
specific tests vvill be better for ruling in a disease (high 
PPV) compared vüth tests vith lovver specificity. The 
oppostte is true for tests vith high sensitivity. For tests 
vvith 10096 sensitivity, there are no FNs, and NPV is 
10076. Therefore, highly sensitive tests are good for rul- 
ing out a disease—a negative result can be trusted. In 
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general, tests never really shovv 1009? sensitivity or speci- 
ficity, but these trends vill hold true for test results. 

Hovv does one decide vhat is the patient”s pretest 
probability of having the disease? Think about this as the 
prevalence of the disease in a group ofanımals similar to 
this patient. This estimate of prevalence is based on per- 
sonal expertence, practice data, laboratory records, or if 
necessary, colleagues” expertences, if that is all that is 
available. If there is a range of possible pretest probabili- 
ties, the predictive values can be calculated for the high 
and lov end to see if the conclusions about the test 
results vill change in important vvays. 

VVhenever the test has a continuum of results (like 
clinical chemistrtes), a decision vill be needed about 
vrhats clinically normal and vhatis abnormal to calcu- 
late sensitivity and specificity. The selection of a cut-off 
point for normal depends on the relative importance of 
sensitivity vs specificity. A cut-off point can be defined 
that excludes all ill anımals. In that case, there vill be no 
false-negative results and a high specificity. Hovvever, the 
trade-off vill be an increase 1n false-positive results and a 
lovv sensitivity. Conversely, a cut-off point that excludes all 
healthy animals vill have no false-positive results and a 
high specificity. This trade-off betvveen sensitivity and 
specificity vill alvyays be present, and the cut-off vill usu- 
aliy depend on the specific application of the test. 
Hovvever, if likelihood ratios (discussed later in the chap- 
ter) are used, then a set of ranges for the test result can be 
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determined instead of Tust a single cut-off and the likeli- 
hood ratio for each range of values can be calculated. 

Another measurement that may be used vüth tests 
that take on a spectrum of values is the receiver or 
response operating characteristic curve (ROC curve). 
Thisis a graphic method of summarizing the accuracy of 
a test. The curve is made by plotting the sensitivity on the 
vertical axis and the false-positive rate (1-specificity) on 
the horizontal axis. For each possible cut-off point, the 
sensitivity (true-positive İVTP 1 rate) and FP rate are calcu- 
lated and graphed. The ROC curve value is the area 
under the curve. A ROC value greater than 8066 is 
indicative of a good test. The point on the ROC curve 
thatis closest to the upper left corner gives the best com- 
bination of both sensitivity and specificity. The ROC 
curve can also be used as a summary measure for com- 
paring tests: the test vith the largest area under the 
curve (vyvhich vrould have the curve closest to the upper 
left corner) is the most accurate test. 


Likelihood Ratios 


Sometimes lkelihood ratios (LR) are used instead of 
predictive values. The advantages are that they are not 
affected by prevalence because they depend only on sen- 
sitivity and specificity, they can use multiple cut-off 
points for a testresulton a continuum (vhere the results 
are continuous and vhere higher values make disease 
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more likely), and they can be used to calculate actual 
probability of a disease on the differential list if the 
pretest probability is knovn. The obvtous disadvantage 
is their calculation and interpretation. They are rarely 
used in the veterinary literature. 

A positive likelihood ratio 1s the probability of a 
positive test among the subiects vith the disease divided 
by the same probability in the non-diseased subiects. 
Similarİy, a negative likelihood ratito is the probability 
Of a negative test in diseased subfects divided by the 
probability of a negative test in nondiseased subiects. If 
the test has multiple levels and cut-off points, then a 
likelihood ratio 1s calculated for each level vhere the 
numerator is the probability of a test result in that 
range of values for a diseased subiect divided by the 
same probability among the non-diseased subiects (see 
Table 6-1). In one example on the evaluation of a 
ELISA for bovine paratuberculosis, the potential use- 
fulness of LR is demonstrated.? A table in the article 
summarized the optical densities (OD) obtained from 
an ELISA test vith the corresponding LR for each 
range of OD for either infection by the organism or 1so- 
lation of the organism in fecal samples. Even a small 
increase in OD 1increased the LR for infection sub- 
stantially. A comparable increase in OD led to a much 
smaller increase in the LR for positive fecal culture. 
ODs higher than 0.35 made infection vith the organ- 
ism extremely likely. 
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For the same example of feline heartvorm testing 
(see earlier in the chapter) the LRr c (45/50)/ 
(209/950) £ 4.1, so that a cat vith heartvvorm disease 1s 
four times as likely to have a positive test as a cat vithout 
heartvvorm disease. For LR— — (5/50) / (721/950) - 0.14, 
so a cat vrho tests negative is about 1/ 10th as likely to 
have heartvvorm disease as a cat vithout heartvvorm dis- 
ease. These likelihood ratios vill not change vith chang- 
ing prevalence. 

If the pretest probability of disease or prevalence 1s 
estimated and a LRis knovn for a given test result (posi- 
tive, negative or some range of results), then general 
guidelines for the effect of that particular likelihood 
ratio on the post-test probability of disease can be used. 
These guidelines are: LR c Ü, no disease vith that test 
result, LR £ 0.1, loveer probability of disease viüth that 
test result, LR — 1, no change in probability of disease 
vvith the test result, LR — 10, higher probability of dis- 
case after the test result, LR very high, disease 1s certain 
after test result. For LR betvveen these values, the inter- 
pretations and impact on postetest probability of disease 
vill be intermediate betveen the values. 


Using More than One Test 


VVhat happens vhen ve run a complete blood countand 
chemistry panel on an apparently health animal and get 
one result that is abnormal? Depending on the test, our 
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clinical experience may indicate that ve can ignore that 
result. Numerrcalily, this kind of result happens because 
“normal” is defined as the middle 9576 of healthy ani- 
mals” data. So by definition, 576 of healthy animals vill 
have abnormal test results. Plus, if you perform 260 tests, 
the probability that one vill test outside of normal 1s 0.95 
5 0.95” 0.95, or 20 times — 0.34. Or about one third of 
the time, the pattent vill have an abnormal test even the 
animal s healthy. 

VVe often use many tests to make a decision abouta 
diagnosis. VVhen tests are formally combined, there are 
tvvo approaches: testing in parallel and nn sertes. İn paral- 
lel testing, the patient is considered diseased if it 1s posi- 
tive for any of the tests. Therefore, it 1s easy for a patient 
to come out positive and be considered diseased and dif- 
ficult for a pattent to be negative because it must be neg- 
ative to all tests. This gives a more sensitive test and a 
high negative predictive value. Tests are usually inter- 
preted this vvay vrhen a quick assessment is needed to 
rule out some potentially serious problem, any positive 
animals then receftve further vvork-up. This approach is 
also used for situations in vrhich the animal needs to be 
considered healthy, such as a vaccination clinic or other 
situation in vvhich a negative result must be correct. 

The opposite approach is testing in series. A nega- 
tive result on any test leads to a conclusion that the ani- 
mal 1s free of the disease of interest. İt is easy to be 
considered negative but the patient must be positive to 
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all tests to be considered diseased. So the specificity is 
high and the positive predictive value is high. İtisusedin 
settings in vrhich false-negative results are nota problem 
and vhere ruling in a diagnosis is the main obfective of 
the testing. This approach is often used for disease erad- 
ication programs in vrhich positive animals are removed 
from the population and negative animals vill continue 
to be tested. 


Special Consideration for Appiying the 
Results in the Practice Setting 


Perhaps the most crucial question to ask is vhether or 
not the results of the test vill help the client or pattent. 
Helpful tests most often provide a definitive diagnosis 
such that the best therapy can be instituted. They may 
also provide information about prognosis. Hovvever, 
sometimes there 1s very İittle choice about treatment 
regardless of the definitive diagnosis. This could occur 
vrhen (1) there is onİy one available treatment:, (2) there 
is only one affordable treatment, (3) there is only one 
treatment the ovrner can administer, or (4) there is only 
one treatment the pattent vill tolerate. In these situa- 
tions, obtaining a definitive diagnosis may be an aca- 
demic exercise unless the client really vvants to knovv that 
diagnosis. Similarİy, if the other reasons one might use a 
test are not important to the cltent or vill not alter the 
management of the pattent, it may not be approprlate to 
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use that test. The bottom line is: VVill the patient be bet- 
ter off after the test than before? 
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Making Decisions about 
Prognosis 


A prognosis includes information about vhat could hap- 
pen (given various events or chotces) and hovv long it vill 
take to happen. The relative costs of each intervention or 
choice may also be included. The concept of prognosis 1s 
closely allied vith the natural history of the disease, 
vrhich is the general progression of the disease beginning 
vvith the earliest cellular or biochemical changes. 1n 
some cases, prognosis 1s considered to be a subset of 
the natural history of the diseaseş that part of the disease 
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progression after diagnosis has been made until recov- 
ery, death, or some other important outcome. 

In veterinary medicine, one often hears about prog- 
noses that are “good” or “guarded,” for example. The 
meaning of these terms vartes viidely and depends on 
the disease and outcome of interest, as vvell as on the lis- 
tener s interpretation. A study at a university teaching 
hospital asked 62 large and small animal clinicians to 
describe hovv likely animals vvere to recover (from 076, 
no animals recovered to 10096, all animals recovered) 
from an illness that vas treated appropriately for each 
of a series of these qualitative terms.İ Recovery vas 
defined as absence of disease-related signs for at least 1 
year vvith appropriate treatment or management. Of 
the 47 clinician vho responded, the term “grave prog- 
nosis” vvas assigned percentages from 0 to 309c for 
recovery. For “fair prognosis.” the percentages of 
patients that vvould recover vvas reported anyvhere 
from 20976 to10076. For a “good prognosis,” 6076 to 
10070 of animals vvould recover. This illustrates the vari- 
ability in different clinicians” ideas of vhat constitutes a 
“good” prognosis. Imagine the confusion of the cltentl 
So, 1deally, a real estimate of the percentage of patients 
that vvould recover or reach some other important out- 
come should be presented. This vill assist in decision 
making about vhether treatment should be instituted 
at all and, if so, vhat treatment vill best satisfy the needs 
Of the pattent and client. 
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Quality of Information 


Ideally, the prognosis should be determined using 
cohort studtes. Speciftcally, an inception cohort should 
be assembled. This means that a representative group of 
patients are collected at a standard, usually early, point 
in their disease progression. These patients are then fol- 
lovved, and the outcomes of interest measured and 
described. 

Follov-up in cohort studies is a key element. İf the 
follovv-up vvas not complete, too many pattents may have 
been lost for important reasons (e.g., they did not toler- 
ate the medication vell, they died earİy in the course of 
treatment). A rule of thumb is that less than 596 losses to 
follovv-up are likely not a problem, and greater than 2070 
may seriously compromise the validity of the results. The 
length of follov-up is also important. İf it is too short, 
there may not be very much information about the out- 
comes of interest. The outcomers of interest must be 
clearly stated and defined, as should the methods to 
identify these outcomes. ldeally, the investigators should 
be blind to other pattent characteristics that could effect 
outcome vyhen measuring these events. Hovvever, if the 
outcomers are relatively obfective and the tests used to 
determine them routinely applted to all patients (or 
cllents), then blinding is much less ofa problem. 

Because the process by vrhich each subfect receives 
the particular exposures of interest is not random, 
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cohort studies may be subifect to serious bias, that is, 
some systematic and important differences arise 
betvveen the groups. An example might be: Could the 
healthier patients have been allotted to surgical rather 
than medical interventions? This means that determin- 
ing vyhether the exposure groups vvere similar in regard 
to important factors that could affect the outcome ozt/er 
than the exbosure of interest 1s espectially critical in cohort 
(and other observational) studies. See Box 7-1 for some 
factors to consider. 


Box 7-1. Common Potential Problem Areas that Could 
Affect the Comparability of the Different 
Exposure Groups in a Cohort Study 


The type of service setting being compared 
Regional or national differences 

e Referral versus primary care hospitals 

ə Teachıng hospitals versus specialty private practice 
ə Single person versus multiple person practices 


The type of treatment or exposure possible in that setting 
ə Referral center5 high tech treatment options 

ə Specialists expertise in performing certain procedures 

ə Access to experimental protocols or drugs 


The time period of the treatment or exposure 
ə Emergency versus during routine clinic hours 
ə Management or level of care available changing vvith time period 
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In spite of some limitation in observational study 
designs, there are situations in vvhich they are the most 
appropriate approach (or are the only type of study 
design available ). Observational studtes can be very use- 
fulin generating hypotheses to be tested more stringently 
in clinical trials. They may also be more realistic represen- 
tations of real life and the actual benefits of particular 
treatments or exposures in the practice setting. Finally, if 
the outcomes are very rare or require a long time to 
occur, for practical reasons, only observational (and likely 
retrospective ) studies vill be able to evaluate them. İtis 
qust not feasible to enroll hundreds or thousands of sub- 
yectsin a clinical trial and follov them for 10 years. 

In veterinary medicine, for the previousİy mentioned 
reasons among others, prognostic studies often take the 
form of case sertes, in vyhich a group of animals is identi- 
fied (usually retrospectively from the medtrcal records) 
because of some common characteristic such as diagnosis 
viith a particular disease. Unfortunately, because these 
animals are often from referral hospitals and are likely to 
be relatively late in the course of disease, they are also pre- 
selected by the villingness of the ovvner to bring the ani- 
mal to the referral hospital, the availability of a referral 
hospital, and the referring practitioner”s expertise in that 
particular disease. Long-term information on outcome 
may be collected from the records on return visits or by 
telephone or malled surveys, and losses to follov-up are 
often quite high. These losses are not alvvays the fault of 
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the investigator or a result of the disease because, most 
commonly, the loss is due to the ovrner of the animal mov- 
ing avvay vithout forvvarding information. İn addition, 
unless large numbers of animals are in the case series, 
there vill not be enough data to divide them into sub- 
groups and look for differences in prognosis that may be 
due to stage of disease, concurrent disorders, age, breed 
or seX, and other potentialily important factors. 
Published studies of prognosis are used by practi- 
tioners to try to predict the outcomes of other similar 
groups of animals. This means thatit vill be very helpful 
to knovvif the information has been validated in another 
group of patients. For example, if a model predicting 
survival from colic is produced from a data set, that 
model could be used in a nev set of patients and shovn 
to be fairİy accurate in predicting their outcomes. VVhen 
possible, the articles vith validation often provide the 
best evidence for prognostic predictions. There is some 
published vvork that does this in the veterinary litera- 
ture. One example is a study that evaluated data at 
admission and at surgery for dairy covvs vith right dis- 
placement of the abomasum (RDA) or abomasal volvu- 
lus (RAV).? The covs vere included if they vvere seen at 
the Nevv York State College of Veterinary Medicine 
betvveen 1980 and 1987 vith a final diagnosis of RDA or 
RAV. The final outcomes of interest vvere classified into 
productive (eating and milking normally), salvaged 
(alert but off feed and milk), and terminal (died or 
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vvere euthanized during hospitalization). Three vari- 
ables atadmission vvere found to be good predictorsin a 
statistical model of the three outcomes: heart rate, base 
excess, and plasma chloride concentration. Five vari- 
ables from surgery vvere good predictors of the three 
outcomes: heart rate, base excess, diagnosis, method of 
decompression, and appearance of abomasal serosa. 
The data vvere displayed such that a cov that presented 
for RDA could have the data at admission entered into 
the equation and the probabilittes for productive, sal- 
vaged, and terminal outcomers calculated. This informa- 
tion could then be used to decide if it vvould be 
vvorthvvhile to pursue surgery given the value of the covv. 
This study”s main veakness vvas that the data vvere 
obtained retrospectively so that 1253 of the original 458 
covvs had missing data and vvere excluded from the 
study. The authors did provide this information, and 
the breakdovvn of outcomers for the original and com- 
plete-data covvs. The endpornts vvere intended to be 
practical for a dairy farmer. but the actual on-farm out- 
come of each covv vas not obtained. Box 7-2 provides a 
İist of questions for studies on prognosis. The more 
“yes” ansvvers, the better the study. 


Results for Studies of Prognosis 


The quantification of prognosis often includes measures 
of incidence and at times, comparison of incidence 
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Box 7-2. Key Elements of Prognostic Studies 


1. VVas a clearly defined sample of patients identified? 

2. VVere the patients at a relatively similar point in the disease 
process? 

3. VVas the follovv-up complete (580 76) and of sufficient length 
to assess the outcomes? 

4, Did the outcomes reported include the relevant endpoints 
measured as obifectively as possible? 

5. VVere other important prognostic factors accounted for by 
statistical analysis or separation into logical subgroups? 


betvveen subgroups. Therefore, cumulative incidence, 
incidence density, relative risk, and risk differences may 
all be reported. Keep in mind that the size of the group 
studted affects the precision of these outcome measure- 
ments and, therefore, their usefulness. For instance, if 
30 animals are included and none have the outcome of 
interest at the end of the study, the true frequeney of the 
outcome could still be as high as 1096. For 10 animals, 
the true frequency could be as high as 2696 and for five, 
as high as 4592. Similariİy, if all 30 of the animals have the 
outcome of interest, the true frequenecy in the popula- 
tion could be as lovvas 9096, for 10 animals as lovv as 7496, 
and so on. 

Prognosis may also be expressed in terms of survival 
rates (such as 1-year survival percentage ), case fatality 
rate (number of deaths divided by the number of anı- 
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mals vith the disease), or median survival time (the 
length of time the pattents are still alive), or by using sur- 
vival curves that graphically display the percentage of 
animals surviving at each given time. 

Formal survival analysis measures the time until the 
outcome (death or other event) and accounts for anı- 
mals that have not yet have the outcome occur during 
the course of the study or that are lost to follov-up. Life 
table analysis and Kaplan-Meter analysis may be used in 
this case. To include information on other potentially 
important prognostic factors, a Cox proportional haz- 
ards model may be used. Like other types of survival 
analysis, this technique evaluates time to the outcome, 
the advantage is that it simultaneously adfTusts for the 
affects of other factors. A relative risk can be calculated 
İrom the model, and predicted survival for other similar 
patients can be calculated using an equation derived 
İrom the model. For example, in a study on survival after 
radioactive iodine treatment for hyperthyroidism in 
cats, age at diagnosis and sex (male versus female) vere 
found to be the only important predictors of survival for 
cats folloving treatment and discharge from the hospi- 
tal.” Female cats vvere 0.68 times more likely to die than 
male cats (so female cats vvere 1/0.68 or 1.4 times more 
likely to survive than male cats), and increasing age at 
diagnosis increased risk of dying (by 1.2 times per year of 
increasing age). The Cox proportional hazards model 
vvas used to calculate predicted survival for different age 


98 Making Decisions about Prognosis 


and sex combinatıons, and the results vvere tabulated in 
the article for easy application to a nev  feline patient. 
Although the results of the study vvere not validated in a 
nevv set of cats and the study vas performed in a referral 
institution, these results could prove useful in some set- 
tings for clients vith hyperthyroid cats vho are trying to 
decide if it vould be vvorthvvhile to go through the trou- 
ble, stress, and expense of radioactive iodine treatment 
in their older cats. 
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Making Decisions about Causation or 
Etiology 


Questions about causation or etiology revolve around 
decisions as to vvhether some characteristic, disease, 
treatment, or event directİy leads to a particular end- 
point. This means that some exposure increases (orin 
some cases, decreases) the likelihood ofa particular out- 
come. İn the situation in vrhich an exposure results in a 
decrease in the outcome, terms such as ?reveniton or 
proteci?oe are commonly used. Similarİly, assessing the 


possibility of a treatment causing an adverse effect 
101 
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can be thought of as determining causation. Causes, 
causation, and etiology are used interchangeabiy in this 
chapter. Evaluating evidence aboutall of these situations 
is done in the same vvay. 

The ideas behind proving that some exposure causes 
some outcome are complex. Causation is not proven 
based on a statistical test alone and itvvould be exceeding- 
İy rare to be based on a single study. Veterinarians must 
use all available information and decide in their ovn 
minds vhether some exposure really causes some out- 
come. As an example, the profession 1s currently in the 
middle stages of understanding the role of vaccination or 
inyection and the occurrence of sarcomas at the inyection 
site in cats. Although many veterinarians belteve that 
there is clearİy a causal relationship of some sort betvveen 
some infections and sarcomas, many details are still vague 
and controversial. The role of the specific vaccine, adyu- 
vant, or inyection technique, as vell as the age, breed, and 
immune status of the cat, are still under investigation. 


Quality of Information 


In looking at clinical research and epidemiologic stud- 
16s, once again, randomized controlled clinical trials 
provide the strongest evidence that an exposure caused 
a disease or event. Hovvever, clinical trials are even less 
commonly performed for causation than for other types 
of clinical questions, often for practical or ethical rea- 
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sons because the exposure of interest is often not readily 
controlled or assigned. Some exposures such as breed or 
sex obvtouslİy cannot be assigned. Often, management 
factors, such as feeding, exercise patterns, and housing, 
cannot be readıily modifted even for short periods of 
time. 

Cohort studies provide the next best evidence and 
are more often used because the exposure can be meas- 
ured, and the exposed and unexposed groups folloveed 
for the outcome ofinterest. For example, obesityin hors- 
es has been proposed as a potential cause of laminitis. A 
clinical trial in vhich horses vvere assigned to regimens 
to make one group obese and keep another at optimal 
body condition under real vvorİd conditionsis not practi- 
cal for many reasons. Flovvever, identifying a group of 
obese horses and a group of nonobese horses, and meas- 
uring the incidence of laminitis in each group over time 
might be possible. Cohort studies are limited, compared 
vvith randomized clinical trials, by the lack of random 
assignment of exposure, increased potential for con- 
founding, importance of assessing exposure and out- 
come similarly in both exposure groups, and often large 
numbers of animals needed for relatively uncommon 
outcomers to occur. İn the case of laminitis in horses, 
all horses vvould have to be free of laminitis at the 
beginning of the study. This can be difficult to ascertain 
even vvith radiographs. Clear definitions of obese 
and nonobese vvould have to be developed and applied 
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consistently for all horses. Other potential predisposing 
factors for laminitis, such as feeding, housing, breed, 
and age, vvould have to be measured and accounted for. 
Ovners vrould have to be knovledgeable about early 
signs of laminitis. Ovvrners of the obese horses might be 
more inclined to call their veterinarlan for a subtle lame- 
ness compared vith ovners of nonobese horses, because 
they might already knovv about the suggested link 
betvveen obesity and lamınttis, biasing the assessment of 
the outcome. To have enough horses develop laminitis 
for the study outcome vvould require a very large number 
of animals and a prolonged follov-up time, espectally 
because good estimates of the frequency of laminitis are 
not avallable. 

Case-control studies provide vveaker evidence of 
causation than cohort studies but are often more practi- 
cal in veterinary medicine. They are still the best choice 
for very rare or delayed outcomers or adverse effects that 
take extremely long periods of time to develop. 
Hovvever, because exposure 1s often measured using 
vhat people can remember or vvhatis vritten in a med- 
ical record, it may not be unbiased or correct. Horses 
vvith nevvly diagnosed laminitis and horses vithout 
laminitis could be included in the study and their level of 
obesity before the onset of the disease measured. Fevver 
horses vvould be needed, and they vould not need to be 
follovved across time for many years. The difficulty here 
is determining obesity before disease onset and separat- 
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ing out horses that are obese because of prevtous lamini- 
tis and lack of vork from horses vithout a history of 
laminitis. İf the present ovrner has ovrned the horse for 
much of its life, this information may be available. Buta 
recent ovyner or a horse vith many ovrners vill have an 
unknovn health history. 

Cross-sectional studies may be used as an initlal 
quick and dirty design for causation. This design pro- 
vides the vveakest evidence, particularly if no attempts 
vvere made to accountfor potential confoundiıng factors. 
This study design 1s often used because of hov quickly 
and inexpensively it can be completed. Because expo- 
sure and outcome are assessed at the same time, the time 
course of events may be uneclear. For the laminitis 
example, an association vvrould likely be found for obese 
horses to be more likely to have laminitis than nonbese 
horses. But it vvould be impossible to determine if 
the obesity caused the laminitis (or helped cause it) or 
if the laminitis led to a decrease in exercise or vvork and 
therefore resulted in obesity. 

Case series may be published that simpiİy report that 
some exposure seems to be linked to some outcome, par- 
ticularly in the situation of adverse treatment effects. 
These studies do provide a headsup that there could bela 
problem, like diazepam (Valium) and llver problems 
in cats. Hovvever, these studies can and often vill be 
overinterpreted. They are really ust the first step in deter- 
mining if an exposure causes an effect. For instance, 
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embedded in a case-control study of sex, hair length, and 
breed asrisk factors for heartvorm disease in cats, indoor- 
outdoor status (asreported by ovrners of 48 of 50 cats) vvas 
presented.l The authors concluded that because 18 posi- 
tive cats vvere reported to be indoor onlİy, indoor status 
vvas only partially protective from heartvorm disease. 
Because no comparison group vvas used and no estimate 
Of time spent outside for indoor-outdoor cats vas avail- 
able, no discussion of the size of the risk for indoor only 
cats vvas possible. Based on this and one additional study 
(of three indoor cats out of nine positives),” the conclu- 
sion vvas that indoor cats vvere also atrisk for heartvvorm 
disease, and veterinarıans in the south are often recom- 
mending heartvorm prevention for indoor-oniy cats. 
Box 6-1 lists the important components of studies on cau- 
sation. The more “yes” ansveers, the better the study. 


Results for Studies of Causation 


There are a number of common sense criterta to apply 
vvrhen thinking about, measuring and documenting cau- 
sation. These are usualiy based on HilT”s early vork on 
smoking and lung cancer.” More recent modifications 
by Evansinclude some useful points and are discussed by 
Thrusfteld. Not all of these criteria may be fulfilled, and 
some may be more importantfor certain situations than 
others. Consider the list in Box 8-2 as guidelines only 
except for pointl. 


Making Decisions about Causation 107 


Box 8-1 Key Elements for Studies about Causation 


1. VVas the study design the best that could be done from a 
practical perspective? 

2. VVere the different exposure groups as similar as possible in 
important vvays or, failing that, vvere confounders measured 
and accounted for in the analysis? 

3. VVere exposure and outcome determinations done the same 
vvay in all groups (blindiy, if possible)? 

4. VVas the follovv-up long and complete enough (ln clinical 
trials, cohort studies) for the outcome of interest to occur? 

5. Did the exposure precede the outcome? 

6. VVas the association betvveen exposure and outcome 
statistically significant? 

7. VVas the association betvveen exposure and outcome 
clinically significant? 


To quantify risk, an increase or decrease in the rel- 
ative risk (RR) or odds ratio (OR) should be found if 
causation 1s to be plausible. The RR and OR must be 
statistically significantly different from one (vvhich 
means that there 1s no difference in risk betvveen the 
groups).A Pvalue vill tell this. A better option is a 9576 
confidence interval. If the confidence interval for the 
RR or OR includes one then there is not a significant 
change in risk betveen groups. Hov big is a big 
enough change in risk? For RR in a very good clinical 
trial, any significant RR is likely big enough. For a 
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Box 8-2. Guidelines for Making Decisions about 
Causation or Etiology 


1. The exposure must precede the disease. 

2. The outcome should occur more commoniy in those that are 
exposed than in those that are not. 

3. The severity of disease should vary vvith the extent or 
intensity of exposure. 

4. Removing the exposure should decrease the frequency 
Of the outcome. For temporary outcomes like adverse drug 
effects, the adverse effect should go avvay vvhen the drug 
is discontinued and then recur vvhen the drug is 
reintroduced. 

5. There should be a reasonably strong (big) effect of the 
exposure on the outcome as measured by the relative risk or 
odds ratio. This effect should be clinically important (big 
enough to make a difference to a patient or client) and 
statisticalİy significant. 

6. The cause and effect should make sense given vvhat is 
currentiy knovvn about the disease. 

7. Laboratory experiments should be consistent vvith 
epidemiologic data. 


cohort study, a RR of three is a good guideline. For an 
OR, because of the extra opportunittes for bias from a 
case-control study, four might be a reasonable OR to 
believe (see Thursfield). ORs are interpreted in the 
same vvay as RRs. 
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Sources of information on Zoonoses 


Laura E.Robinson 


Knovvledge and avvareness of zoonotic diseases is increas- 
ingiy important for today” s veterinarian. Discussing issues 
such as emerging and reemerging diseases, antibiotic- 
resistant pathogens, pet ovrnership by immune-compro- 
mised persons, ovrnership of exotic vild pets and 
bioterrorism preparedness requires an understanding 
Of the vartety and scope of diseases that can be transmit- 


ted from animals to people. VVith the proliferation of 
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vveb sites and internet discussion groups specializing in 
veterinary medicine and public health, finding current 
information about zoonotic disease risks can be as 
straightforvvard as a literature search using PubMed, 
posing a question to specialists through e-mall, or using 
an internet search engine such as Google or Lycos. 

State health departments and agricultural agenctes 
can also be important sources of information about 
enzootic diseases in your practice area. Some states 
may even requfre that veterinarians report diseases of 
public health significance. Historically, rabies has been 
one of the fev animal diseases required to be reported 
to the local or state health department. Hovveever, vvith 
the introduction of VVest Nile virus and the threat of 
bioterrorism, many public health officials are relying 
on the veterinary community to provide reports of 
unusual disease syndromes, uncommon diseases, or 
outbreaks of high morbidity or mortality in animal 
populations. 

Disease-reporting requirements for veterinarians 
vary by state. In general, livestock diseases of economic 
importance are regulated by the U.S. Department of 
Agriculture”s Animal and Plant Health Inspection 
Service and the State Veterinarian. Information on İlve- 
stock disease regulatory authorities can be found at 
http:/ /vvvvvv.aphis.usda.gov/vs/ area offices.htm. 
Animal diseases of public health importance may be 
reportable to the state or local health department, and 
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contacting your State Health Department directly is the 
best vvay to determine your reporting responsibilittes. 
Another important resource for veterinarians con- 
cerned about zoonoses is the State Public Health 
Veterinarian, although not all states have this position. 
The Association of State and Territorial Health Officials 
(ASTHO) veb site: http:/ /vyvvvv.astho.org/ state.html, 
has links to each state”s health department veb site. 
A listing of the notifiable human diseases, vhich 
can include zoonoses, for each state 1s listed at 
http:/ /vvvvvv.cste.org/ reporting?7o20requirements.htm, 
the Council of State and Territorial Epidemiologists” 
vveb site. 


Prevention of Disease Transmission 


The key to preventing transmission of zoonoses 1s recog- 
nizing that a particular illness may be caused by a 
zoonotic organism. Zoonoses should be included in the 
differential diagnoses for the various disease syndromes 
listed in Chapter 10, particularİy those that include diar- 
rhea. If a zoonotic disease is suspected, the diagnosis 
should be confirmed through laboratory testing, and 
treatment should include other susceptible animalsin 
the household to prevent reinfection from healthy carri- 
ers. Ovrner education about the sources of disease and 
methods of transmission among animals and to people 
is espectalİy important. If an ovrner or family member is 
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exhibiting symptoms that could indicate infection, he or 
she should be urged to see thefr physician and indicate 
that their pet has been diagnosed vith a zoonotic dis- 
ease. Veterinarians should also be prepared to consult 
vvith physicians regarding the possibility and routes of 
zoonotic disease transmission. Veterinarians should con- 
tact their local health department or State Public Health 
Veterinarian if unusual numbers or patterns of zoonotic 
diseases are occurring, or if they have concerns about a 
common environmental source of infection that may be 
a public health hazard. 


10 


North American Zoonoses by Species 
and Mafor Organ System Affected 


TLaura E.Robnson 


Tables 10-1 to 10-5 list zoonoses of public health impor- 
tance or those that may cause concern to ovrners of 
affected pets. For brevity, food-borne and vector-borne 
zoonoses are notincluded if they are not generally asso- 
ciated vvith situations a veterinarian vould encounter in 


a clinical practice. 
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Many zoonotic organisms comprise the normal oral, 
gastrointestinal, or dermal flora of animals or do not 
cause overt disease unless there is an overvrhelming 
infection or infestation. Table 10-6 lists those zoonoses 
associated vith clinical iliness in animals by mafor pre- 
senting organ system. 
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Handling Outbreaks of Disease 


Laura E.Robnson 


İs an Outbreak Occurring? 


The definition of an outbreak or epidemic is the occur- 
rence of a greater number of cases of a particular disease 
than is expected or normal. There is no set number that 
can be used unifversaliy to define the threshold for “nor- 
mal” versus “an outbreak.” In some instances, an out- 
break can occur if there 1s one case of an unusual 
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disease, particularly if it is a foreign animal disease in 
İlvestock or a more common disease affecting an unusual 
population or spectes. Cases occurring in an unusual 
geographic location or at an unusual time of year may 
also indicate an outbreak. In each circumstance, it 1s 
important to verify the diagnosis, understand the natu- 
ral epidemiology of the disease in question, and knov 
vyhich diseases are endemic vyhere exposure occurred. 


Demonstrating an Outbreak has Occurred 


Several steps are necessary to determine vhether an out- 
break has occurred. First, define the time period of 
interest, and the geographic area to be evaluated. The 
area may be the catchment area for a veterinary hospital 
or clinic, the municipality or county, or the vhole state. 
The primary limitation is being able to obtain disease 
incidence data for the animalsiın that area for the time 
periods both before and during the suspected outbreak. 
The number of cases of a particular disease that 
occurred before the suspected outbreak is used to deter- 
mine the “normal” or background incidence of that dis- 
case in that area. VVithin a clinic setting, these data may 
be found in patient records, onsite laboratory test logs, 
or laboratory reports. Having a computerized record 
keeping system in a database format thatis searchable by 
disease diagnosis (such as ICD-9 code), spectes, sex, and 
age are ideal for determining the epidemiology of a dis- 
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ease in the clinic”s patient base. Sources of disease inci- 
dence data for larger geographic areas might include 
colleagues in the local veterinary association, the state 
Veterinarian (in cases of a reportable livestock disease), 
spectalty veterinary organizations, or the state veterinary 
diagnostic laboratory. Published studies may include 
information on the expected disease incidence in a par- 
ticular population or provide a point of contact for fur- 
ther inquiry. These studies may also provide references 
to veterinary colleges or research institutions specializ- 
ing in the disease of interest. 


General Approach to Outbreak 
Investigation and Resolution 


After determining the background incidence of a dis- 
case you can use this information to evaluate vrhether 
the number of cases occurring during the suspected 
outbreak is actually greater than expected. İt is impor- 
tant to verify the diagnosis on each case especlalİly if 
clinical signs are similar to other disease syndromes. 
Information to consider in the case definition includes 
the clinical signs, duration, and progression of the dis- 
ease. Depending on vhat laboratory tests are available 
and the completeness ofdata collected for each suspected 
case, a case definition can be created to define further 
the clinical picture and identify additional cases. The 
concePts of sensitivity and specificity can also be applied 
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to the case definition to refine the case finding process. 
For example, if the disease is life threatening vithout 
early intervention, a broader, or highİy sensitive case def- 
inition might be more appropriate. In other vords, a 
high negative predictive value is needed so that a 
negative result is likely correct. This means that very 
fev animals vith disease vill incorrectiİy be labeled as dis- 
ease free (lov false-negative rate). The trade offis an 
increased number of false-positive animals to sort out 
from the truly diseased animals. In contrast, a disease 
presenting vith more common clinical signs and requir- 
ing laboratory testing for definitive diagnosis may indi- 
cate the need for a case definition vith higher specificity. 
This vvould provide fev false-positive results and a better 
positive predictive value. In this situation, there vvould 
be more false-negative animals that vrould require addı- 
tional testing. After identifying additional suspect cases 
using the case definition, itisimportant to use confirma- 
tory tests to diagnose the illness definitively. Other vise it 
viill be difficult to evaluate the effectiveness of treatment 
and control measures. 

In a clinical setting, diagnosis follovved by treatment 
is the final process in resolving an animal”s illness. 
Hovvever during an outbreak, further epidemiologic 
evaluation and population-based interventions are 
often necessary after the initial diagnosis and treatment 
of individual affected animals (Box 11-1). The next step 
is to describe the characteristics of the affected animals 


1. 
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Box 11-1. General Steps for Investigating an Outbreak 


Describe the time, location and signalment of the affected 
animals. 


. Establish a case definition that clearly diagnoses affected 


animals. 


. Determine the normal level of the disease and compare vvith 


the present level of disease to confirm that an outbreak has 
occurred or is occurring. 


. Identify affected animals and treat, isolate, or cull as 


appropriate. 


. Use epidemiologic studies to test hypotheses about the 


identity of the disease, its source, and its predisposing 
factors. This includes comparing animals vvith and vvithout 
disease (case-control studies) or animals vvith or vvithout the 
hypothesized exposure (cohort study). 


. Develop treatment and prevention protocols. 
. Monitor and evaluate the control and prevention of the 


disease. 


. Report the findings in vvritten and oral formats. 


and determine if there are important differences com- 
pared vith the general population. Data collected at this 
stage include signalment of the animals, as vvell as loca- 
tion and time course of event. This descriptive epidemi- 
ology can be used in confunction vüth the disease”s 
pathogenesis to identify the population at risk and 
develop hypotheses regardıng the identity and source of 
exposure. Environmental and laboratory testing may be 
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incorporated at this time, as veell as later in the investiga- 
tion. Epidemiologic tools such as case-control studies 
and cohort studtes can then be used to evaluate these 
hypotheses and refine them as needed. This process of 
testing hypotheses using epidemiologic studies may 
need to be done more than once to determine defini- 
tively the source of the outbreak. These studies allovv the 
veterinarlian to evaluate risk factors for animals that get 
the disease and develop logical treatment and control 
schemers. Finally, preventive measures to reduce expo- 
sure in the population atrisk reduce the incidence ofthe 
disease, vvhereas identification and treatment of existing 
cases reduce the prevalence of the disease, thus control- 
ling the outbreak. As vüth the hypothesis-generating 
process, continued monitoring and evaluation of the 
prevention and control measures are necessary to 
ensure a successful intervention. This vill include some 
long-term plans to prevent future outbreaks, if this 1s 
practical. 

The final step in handlıing a disease outbreak 1s 
often the most neglected. Communicating the findings 
and the success (or failure) of the control measures 
implemented provides valuable information to other 
veterinarians facing similar outbreaks. Local or state vet- 
erinary association meetings, veterinary e-mail discus- 
sion groups, and veterinary yournals are common 
forums for disseminating such information. İt is also 
important to share your findings vith your health 
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department and state public health veterinarian if the 
disease 1s zoonotic or the outbreak has other public 
health implications. Summarıizing the findings for publi- 
cation by local nevvspapers or in community nevssletters 
may also help educate ovrners about preventing the ill- 
nessin their pets. Omitting this final step may resultin 
repeated efforts by other veterinarlans to solve the same 
problem vith varying degrees of success, to the detri- 
ment of the animalsin the population atrisk. 
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Preventing Disease and Promoting 
Health in Veterinary Patient Populations 


Much of clinical practice has traditionalİy been focused 
on treating ill or inyured anımals. In recent decades, 
food animal practitioners have instead begun to empha- 
size prevention of disease and integrated health 
management programs. The ability to document the 
influence of these programs on the improvement of 
farm income and reduction of costs has provided lever- 
age for veterinarians to change farmers” or managers” 
vievvs about the need for routine preventive programs. 
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In the 1980s and 1990s, veterinarians in companion 
animal practice (e.g., dogs, cats, some horses, or pocket 
pets) also began to recognize the importance of pre- 
venting disease. VVith a groving emphasis on the human- 
animal bond, active promotion of health rather than yust 
prevention of disease has begun to be embraced and dis- 
cussed. Health promotion in the form of a proactive 
stance on behavtoral problems, nutrition counseling, 
and even appropriate pet selection have begun to be 
integrated into the practice setting. Many different 
terms including herd health and productivity, preven- 
tive medicine, health promotion, and population medi- 
cine have been used and defined. For the purposes of 
this book, population health programs (PHP) are used 
to indicate a set of activities designed to prevent or con- 
trol diseasesin groups of animals. 

Disease prevention may be more economical, more 
efficient, and more desirable in both food animal produc- 
tion and companion animal settings. The advantagesin 
farm settings are vvell documented and promoted, even 
though veterinarians ın private practice have tended to be 
slov” to emphasize preventive programs over “fire-engine” 
medicine. İn companion animal practice, vrhere the 
emphasis s often on the individual pattent, preventive pro- 
grams have been implemented in an intermittent and 
selective vvay, most notabiy vyith services like vaccinations 
and fecal examination for parasites. Population-level 
health issues are commonlİy seen in companion animal 
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practice in the form of barns of horses, breeding cattertes, 
animal shelters, boarding kennels, and multiple pet 
households. In settings such as boardıng facilittes or ani- 
mal shelters, economics influence the role and scope of 
disease prevention for companion animal practitioners, 
making the development of programs to optimize animal 
health and disease prevention an ongolng need. Although 
there are limited scientific data available on the economi- 
cal impact and efficiency of integrated health promotion 
and disease prevention programs in companion animals, 
vvith the emotional considerations of lengthy or painfulill- 
ness, prevention of disease 1s clearly vvarranted. 


General Goals in the Creation of Population 
Health Programs 


The basic goals and approachesfor PFPs are similar for all 
spectes. The goals are (1) identify the problems of interest 
for the species and management system (Table 12-1), (2) 
determine the relative importance of the problems, 
including animal veelfare and economic concerns, and (3) 
develop methods to track, improve, and monitor the prob- 
lems. İmplementing these goals requires information 
İrom the client (e.g., farmer, producer, manager, or 
ovrner) aboutevents, management practicesand perform- 
ance, any addıitional external performance information 
(e.g., DHTA records, inspection information at slaughter, 
euthanasla rate in a shelter, number of healthy puppies 
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Table 12-1. Considerations in Selecting Problemts) of 
Interest in a Disease Prevention Program 
Importance of 
Problem of Interest Example Problem 
Economic Milk production in dairy cattle 
Competitive edge in a 3-day event horse 
Kennel cough in a boarding facility 
Humane Euthanasia due to feline upper 
respiratory disease in an animal shelter 
Lameness iin a flock of sheep 
Strangles in backyard horses 
Zoonotic Ringvvorm in a cattery 
Salmonella in chickens 
Scabies in a multiple dog household 


produced ), and veterinary findings including physical 
examınation, laboratory results, and necropsy. These data 
allov/ for analyses that provide immediate vvarning of a 
problem in the short-term, as vvell as long-term, compari- 
son vvith other similar facilities and data to implementand 
evaluate performance or health obifectives. 

The goals may be developed and implemented at 
the level ofafarm, barn, or specific housing unit: the vet- 
erinary practiceş or the individual household. At the 
level of the dog or cat practice, the program vould be 
implemented for each pattent and client in the form of 
practice guidelines or vvellness programs. For multiple 
animal households and practice level programs, visits to 
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the premises are unlikely exceptfor house call practices. 
For most other situations, visits to the facility or farm 
may be required to acquire enough information and 
provide the needed services to the animals. 

The importance of the veterinarian-client-patient 
relationship in this context cannot be overstated. 
The ovner or manager (client) must be villing to vvork 
vvith the veterinarian and agree on goals, keep needed 
records, follov health protocols, and implement 
changes (Box 12-1). The role of the veterinarian in 
developing and maintaining a program is complex (Box 
12-2). Programs that are practical to implement vithin 
the existing system, provide meaningful feedback to the 
client, and include all the important stakeholders are 
most İlkely to succeed. 


Box 12-1. Some Considerations for the Ovvner or 
Manager Embarking on a Successful Disease 
Prevention Program 


1. The ability to communicate and cooperate vvith the 
veterinarian, other staff and experts. 

2. Records on individual animals or units of animals (such as 
flocks of poulltry). 

3. Participation in available educational programs. 

4. Enouqh business sense to make decisions that vvill vvork in 
the long term. 

5. Clear idea of the goals of the particular animal “herd” or group. 

6. The authority to implement and enforce the program. 
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Box 12-2. Role oftthe veterinarian in population health 


U1 BS UN 


programs 


. Stimulate the ovvner/manager to consider a comprehensive 


program. 


. Provide diagnosis and treatment of the illness or illnesses. 
. Provide emergency care if required. 

. Provide medications and vaccines. 

, Advise on nutrition, housing, behavlor, hygiene, and 


animal vvelfare. 


. Advise on production techniques for the specles involved. 
. Provide access to experts in necessary areas including 


public health and government agencies. 

Provide feedback to the ovvner or manager on health and 
economic issues. 

Provide expertise in clinical epidemioloogy include testing, 
data collection and decision analysis. 


. Provide regularly scheduled visits and calls to the premises. 


Using Clinical Practice Guldelines in 
Veterinary Practice 


Because most of the existing practice guidelines pertain 
to PHP, information on evaluating them is included in 
this section. Veterinarians have historically been a very 
independent group vhen it comers to putting guidelines 
or protocolsin place, in spite ofan increasing movement 
tovvard accountability, high standards of care, and an 
emphasis on cltent education. Hovvever, vvith the advent 
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of multiperson practices, corporate practice, and the 
knovvledge explosion, some guidelines have been devel- 
oped for private veterinary practice. If vveell designed, 
these guidelines can provide a fast summary of large 
quantities of information on a pertinent topic. 
Guidelines are often developed using a diversity of 
approaches, but Box 12-53 provides some ideas that are 
important considerations before implementing guide- 
lines. The more “yes” ansvveers, the better and more trust- 
vvorthy the guidelines. 

Clinical practice guidelines in veterinary medicine 
that are videly cited include vaccination protocols for 
dogs and cats, and recommendations for handlıng sus- 
pected infection-associated sarcomas in cats as exam- 
ples. For dogs, vaccination guidelines are on the 
internet at vvvv.ivis.org. This veb site is designed to be an 


Box 12-3. Key elements for clinical practice guidelines 


1. VVas the information collected in an organized, vvell- 
described fashion? 

. VVas the information evaluated vvith regard to the quality of 
the studies or data included? 

. VVas factual information clearly separated from opinion? 

. VVere the guldelines peer revlevved? 

. VVere the authors or organization reputable? 

. VVere the benefits and costs of implementing the guldelines 
clearly presented? 

7. Are they likely to be current and incorporate nevv information? 


is) 
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expandıng and updated textbook, vrritten by recognized 
authorittes in the fteld. These guidelines do not specify 
the sources or methods by vrhich data veere collected. 
Peer revtevv 1s performed 1n a limited vay, but the articles 
on the vveb site primarily represent the vvork of the 
authors. For cats, the American Association of Feline 
Practitioners has published the vaccination and sarcoma 
guidelines (among other feline practice guidelines) on 
their vveb site vvvvvv.aafponline.org. The vaccination 
guidelines vvere developed by tvvo expert panels and 
have been endorsed by several other organizations. 
Again, the source and method ofinformation collection 
is not made explicit. Guidelines for sarcomas are period- 
ically distributed through a vartety of printed formats as 
vvell, 


General Approach to Population Health 
Programs 


In general, these programs have four components 
(1) reproduction, (2) disease control and prevention, 
(3) nutrition, and (4) production and performance. 
Animal velfare and protection of the environment are 
usually subsumed vüthin these four areas. 

Reproductive concerns may take the form of 
increasing reproductive efficiency (number of services), 
eliminating reproduction (spaying female dogs), or 
optimizing reproduction in some fashion (increasing 
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the frequency of tvin lambs). The specifics depend on 
the spectes, use, management scheme, and many other 
factors. 

Disease control (reducing the morbidity and mor- 
tality from the disease) and prevention can take many 
forms. See Box 12-4 for general areas to consider in 
understanding and designing control and prevention 
programs. There are also commonly strategies for con- 
trolling or preventing disease (Box 12-5), vvhich need to 
be tailored to the situation, vvith particular emphasis on 
the economic issues involved. 

Nutrition deserves a brtef discussion because it has 
sufficiently far-reaching and videspread effects for all 
species. İt 1s critical in food animal settings for its effect 
on reproduction, vveight gain and carcass quality, disease 
resistance, and economic trade-offs. In companion ani- 
mal settings, nutrition also plays a role in disease resist- 
ance and the immune system, cost concerns, and 
performance (reproductive and athletic). But because of 
the special relationship that sometimes exists betveen 
companion animals and their ovrners, pet food and pet 
food marketing have become a huge business. The food 
fed an animal is not necessarily chosen for its optimal 
nutritional content but because the cat likes it, the ovner 
prefers the conventence, smell, or appearance, or because 
Of successful advertising. Furthermore, feeding a beloved 
petis often an emotionally charged process not a rational 
one. Because of this, obesity likely affects more than 
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Box 12-4. Factors to Consider in Preventing and 
Controlling Disease 


Animal Related 

Species 

Age 

Maternal immunity 
Concurrent disease 

Disease resistance and genetics 
Reproductive status 

Nutrition 

Stress level 

Health history 


Agent Related 

Specific pathogen or exposure 

Existence of effective diagnosis and treatment 
Control of vectors and other modes of spread 
Dose and route of infection 

Zoonotic implications 

Severity of clinical disease 


Environment Related 

Type of housing 

Population density 

Sanitation 

VVeather, temperature, and humidity 
Social interactions 


Time Related 

Time of year 

Time of day 

Recurrent pattern 

Recent changes or introduction of nevv 
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Box 12-5. Strategies for controlling or preventing disease 


10. 


. Scheduling of routine physical examinatiıons. 
. Controlling internal and external parasites. 
. Appropriate use of vaccinations and preventive care (such 


as Toot trimming). 


. Carefully considered protocols for introducing nevv animals 


(including isolation, testing for disease). 


. Specific approaches for handling animals vvith clinical illness. 
. Evaluation of housing and nutrition for their effect on 


animal stress, disease spread, and behavlor. 


. Hygiene and use of general cleanliness, as vvell as 


approprlate disinfection agents. 


. Legalities regarding reportable diseases, zoonoses. 
. Using the records to track targeted diseases and efficacy of 


interventions as vvell as look for nevv problems. 
Balancing cost, vvelfare, production, and client desires in 
the design of the program. 


3076 ofdogand cat patientsin practice (and possibİy a sub- 
stantial number of backyard equine pattents as veell). 


Performance and production span the full spec- 


trum from purely economic food production to athletic 
competition to animals vith specific yobs as assistants to 
people to being good companions. Organizations for 
each spectes or activity are potential sources of specific, 
useful information for performance or production. 
Veterinary specialists in extension, practice, or veteri- 
nary schools are also good resources. 
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Face-to-face interactions betveen the veterinarıan, 
the client, and pattent or patients vill be necessary to 
implement disease prevention programs successfully. In 
most farm situations, the veterinarian vill go to the 
patent. This vill also be true for some of the companion 
animal situations because first-hand observation of the 
housing and management las vell as the animal vill be 
necessary. Regardless, there should be a regularly sched- 
uled visit, either at the time important events occur 
(lambing season) or on a regular (monthiİy or semi- 
annual) basis, depending on the management scheme 
and specific situation. 

Record keeping is critical for the design, imple- 
mentation and success of the program. If any records 
are already being kept, these can be used as the 
basis for identifying the problems and prtoritizing 
them. In food animal settings, this is not as big a prob- 
lem asin companion animal settings, but the records 
may still be difficult to locate and examıine if they are 
not computerized or the farm ovner or manager 1s 
not diligent about recording health and treatment 
information. 


Guidelines for Disease Prevention or Health 
Promotion Programs in Practice 


In general, programs of this sort for food animals are 
presented in the veterinary curriculum and in the mafyor 
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text books. Some suggested general and spectes specific 
references are listed at the end of the chapter. 

In some states, the state agricultural services may 
have helpful information. In Florida, the Department of 
Agriculture and Consumer Services in partnership vith 
University of Florida has developed a voluntary certifica- 
tion program for food animal producers. İtis based on a 
firm understanding of herd health issues (environmen- 
tal health, control of disease and food safety issues 
regarding medication administration) and is designed 
for medium to small producers. 

Although the overall structure and poftnts to consider 
in designing a PHP are shared in neariy all settings, obvi- 
ousİy the details must be tailored to the specific population 
and location. These details (such as specific vaccines 
and intervals, vvormers, disinfectants) should be incorpo- 
rated into the PHP based on their proven vvorth using the 
guidelines for evidence-based care vrhenever possible. 
Modifications based on the location (region, country, cli- 
mate) vill need to be made to address diseases and man- 
agementissues that are importantinfluences on health. 
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Companion Animal Population Health 
Programs 


The mafority of graduating veterinarians are going into 
companion animal practice. Therefore, this chapter 
focuses on dogs, cats, and horses1n the practice setting 
because little information about PHPsin these spectes has 
been published in readily accessible locations. ln most 
private practice settings, there are often components of 
disease prevention programs (such as heartvorm 
screening and prevention in dogs), but comprehensive 
PH Ps have been rarely implemented. The controversies 
of the late 1990s and early 2000s over vaccination 
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fİrequeney and type in dogs and particularly cats high- 
İlghts one component ofvyhat are commonly referred to 
as “vvellness” or “life-eycle” programs. Histortcally the 
annual visit vvith physical exam and requfred vaccina- 
tions vvas the cornerstone of dog and cat practice. VVith 
the development of recommendattons to tailor vaccina- 
tion programs to the animal”s specific level ofrisk, the 
focus of the annual visit must and should change. 
Practice guidelines for vaccinations of cats (VVVVVV.aafpon- 
İine.org) and dogs (vvvvv.ivis.org) are available on the 
veb. 


Population Health Programs at the Level of 
the Veterinary Practice 


The components to consider in a vvellness program 
for pet dogs and cats at the practice are similar, 
although a variety of approaches are possible. The 
guidelines included here (Box 13-1) use the approach 
of Catanzaro, in vrhich the annual examıination is a İlfe- 
eycle consultation viüth the veterinarian that qualiftes the 
petand ovvner for “preferred cltent” status for the follov- 
ing year. This status then provides for shorter visits that 
heavily involve the technical staff, although the client 
may optfor a consultation vith the veterinarlian. Pricing, 
services, and continuing education of the staff vill all 
need to be tailored to the practice. This approach 
emphasizes the importance of the pet and the continu- 
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Box 13-1. Components of a Population Health Program 


for Pet Dogs and Cats in Veterinary Practice 


. Vaccinations adapted to the exposure and immune status 


Of the pet. This should include a critical evaluation of nevv 
vaccination products. 


. İdentification, control, and routine prevention of external 


parasites (fleas, ticks, mites). 


. İdentification, control and routine prevention of internal 


parasites (intestinal parasites and heartvvorm—consider 
prevention in cats). 


. Spaying or neutering of dogs and cats. 
. Nutritional advice, especially in the prevention of 


obesity. 


. Grooming advice or services. 
. Behavlor advice (concerning normal and expected 


behavlors, pet selection, basic training) and/or referral (for 
training or behavloral problems). 


. Dental examination, cleaning, and polishing. 
. Routine screening or testing programs (many have been 


suggested, fevv have been evaluated to determine if early 
disease detection provides better outcomes or reduces 
morbidity or cost). Heartvvorm disease in dogs and feline 
leukemia and feline immunodeficiency viruses in cats 

are currently the most appropriate in general practice 
settings. 


. Special lifestyle risks (e.g., pets that travel, hike, are located 


in an area vvith endemic disease). 


. Other client education materials in the form of brochures, 


nevvsletters, and videotapes. 
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ing connection betveen the cltent and the practice for 
all needed assistance. The selection of specific vaccines, 
target parasites, and screening tests must be made based 
on the best available information and be adfusted for the 
specific location. 

There are special considerations for multiple pet 
households, breeding or boarding kennels, and animal 
shelters (both limited admission, longer holding period 
and open admission, high-turnover facilittes) . İn these 
settings, the health and performance of the group of 
animals may be as or more important than the health of 
individual animals. This s a genuine shift from the usual 
clinical situation in small animal practice. Economics 
tends to play a more importantTrole in these settings as 
vvell, either because of the numbers of anımals involved 
or the business aspects of the facility. Control of infec- 
tious and zoonotic diseases becomes much more impor- 
tant and difficult. Stress and behavioral problems and 
the impact of these on health also become increasingly 
pressing issues. And in breeding kennels, reproductive 
performance beyond spaying and neutering vil 
become prominent components of the program. 

Multiple pet households (three or more of one 
spectes) fall somevvhere in betvveen breeding kennels 
and animal shelters in the types of problems encoun- 
tered, depending on the situation. For relatively closed 
populations, management of chronic health problems 
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and behavtoral issues assume a prominent role. For 
households vith animals coming and going through 
adoption, rescue, fostering or competition, control 
and prevention of infectious diseases is a greater con- 
cern. In some households vhere cost1s a mafor factor, 
marginal or subclinical nutritional deficiencies may be 
present due to purchasing the cheapest food avallable. 
Households vith mixtures of dogs and cats may have 
more problems vüth parasites, such as fleas, that are 
common to both. 

Boarding facilities are businesses that house animals 
for relatively short periods (days to vveeks) for a fee. 
Various other services (e.g., grooming, vvalking, playing, 
training) may also be offered. These facilities have a 
more of a problem vrith infectious disease and nutrition 
because of the high turnover rate, stress of animals avvay 
from home, and possible changes in dtet, feeding rou- 
tines, and exercise levels. Most boarding operations 
have requirements for specific vaccinations before 
entering the facility. Remember the lag time betveen 
vaccination and protection byvaccines and the variability 
in duration of immunity vhen planning vaccination 
requirements for these facilities. As for multiple animal 
households, the guidelines have elements of both the 
breeding kennel and the animal shelter. There may also 
be local or regional requirements for licensing or 
inspection for these businesses. 
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Breeding Kennels and Catteries 


Individuals vvho ovn or manage dog and cat breeding 
operations are varied in their purpose, expertise, 
and frequeney of breeding. Breeders are usually self- 
identified, but the more reputable ones are involved 
vvith national or regional clubs, activities, or shovvs and 
have the improvement of the breed as a focus. They may 
also subscribe to a code of ethics promulgated by their 
breed club. Sources of information in addıition to the 
references cited in this section are vveb sites from 
the national and regional breed clubs. Cat Fanciers 
Association, for example, has current articles on specific 
health problems vritten for breeders as veell as general 
feline health information. The previouslİy mentioned 
AAPP vveb site also has useful information. 

Some markers of success in breeding facilittes are 
number of kittens or pupptes vveaned, level of morbidity 
and mortality in the neonatal and veaning periods, 
breed champions vith demand for offspring, animals 
vvith the desired good temperaments and health. For 
dogs, success in various sports such as agility, obedience, 
field trials, hunting, lure coursing, or herding may also 
be important. In general, the larger the population, the 
smaller the role of treatment and the larger the role of 
prevention. The facilities have a ma?or impact on ability 
to provide good management and medical care. For 
small operations, the animals are part of the family and 
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are kept much like any pet. This can cause some difficul- 
ties in terms of disease control and population density. 
Management of the kennel or cattery is designed to cre- 
ate a healthy environment vüth lov stress, protection 
from the vveather, good reproductton, and healthy pup- 
pes and kittens. See Box 13-2 for guidelines to develop 
PHP in breeding operations. 


Animal Shelters 


For animal shelters, good resources for specific health 
issues include the Humane Soctety of the United States 
(vyvyvy.hsus.org/ programs/ companion / shelter library), 
the American Humane Association (VVVV.americanhu- 
mane.org: publications available), ASPCA (vrvvv.aspca. 
org), and regional animal control or humane society 
organizations. A program beginning in 2001 at the 
University of California, Davis, is the Maddie”s Shelter 
Medicine Program (vvvv..vetmed.ucdavis.edu/ ccah / 
prog-sheltermed / sheltermedicine.htm), vvhich should 
offer shelter-specific PHP. HSUS has seven recommend- 
ed polictes for every animal shelter. Several are contro- 
versial in some circles (espectally the first tvo) or 
impractical for certain settings, but they form a useful 
orlentation for veterinarians unfamillar vith the general 
operation of vvell-organized animal shelters (vvvvv.hsus. 
org/ programs/ companion,/ shelter library/ seven, poli 
cies.html). These policters are the folloving: 
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Box 
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13-2. Components of a Population Health Program 
for Breeding Kennels and Catteries 


. Regular observation of animals Tor problems. 
. Record keeping vvith individual animal identification (tattoo 


or microchip) and health information to include age, sex, 
number, and location of animals. 


. Routine preventive visits. 
. Laboratory diagnosis of disease (for correct prevention and 


treatment), necropsy of all animals, including stillborns. 


. Nutrition specific to life stage and use or activity of animal. 
. Vaccination in conlunction vvith sanitation, ventilation, and 


housing protocols. 


. Parasite control in coniunction vvith sanitation and housing 


protocols. 


. Breeding protocols Tor detecting and preventing problems 


(e.g., Brucella canis, infertility, heat detection, mastitis, 
metritis, eclampsia). 


. Neonatal and vveaning protocols for detecting and 


preventing problems (infectious, behavior and genetic). 


. Stress detection and intervention (indicated by high 


prevalence of chronic respiratory or gastrointestinal disease 
or behavloral changes). 


. Selecting or culling of breeding animals due to 


performance or medical problems, for catteries, test and 
removal for feline leukemia virus (FeLV) or feline 
immunodeficiency virus (FIV) is recommended. 


. Quarantine for incoming animals 3 to 6 vveeks, vvith testing 


for infectious diseases, vaccinations, fTecal examination, 
treatment for parasites, fungal culture (cats). 


. Evaluation of outgolng animals (e.g., physical exam, 
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14. 


ı 


16. 


17. 
16. 


19. 


temperature, appetite, and feces). 

Adequate and healthy social interactions vvith other 
animals and people. 

Housino, ideally vvith separate areas to avoid mixing of 
different age groups and to allovv handling of animals from 
most to least susceptible. This vvould include at least areas 
for vvhelping, other healthy animals, quarantine, and 
isolation (for ill animals). 

Cage/run size (for government regulatory requirements: 
VVVVVV.nap.edu/readingroomv/books/labrats/, 
VVVVVV.aphis.usda.gov/ac/publications.html. 

Assessment of population density. 

Sanitation of all areas, especially vvhere urination, 
defecation, sleeping, and feeding occur. 

Ventilation and air turnover. İn general, if odor is a problem 
or the humidity is higher than 7092, ventilation is 
inadequate. 


Accept all animals broughtin (open admission shelter 
compared vüth limited admission, no-kill shelters) 

Do not charge for individuals to bring an anımalın, 
their ovn or a stray 

Provide a clean, safe, healthy environment for the 
animals (including at least a rudimentary PHP) 
Hold stray animals (those not broughtin by their 
ovvners) for at least 5 days including a Saturday 


ə Screen adopters using specific guidelines 


Use sodium pentobarbital as an infectable euthana- 
sia product, admınistered by trained personnel 
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ə Spay or neuter all animals before adoption or guar- 
antee that all are sterilized after adoption (and 
before breeding) 

For shelters, control ofinfectious and zoonotic dis- 
eases are often the primary problem, and modification 
Of the usual veterinary practice protocols for vaccina- 
tion, vorming, and disinfection is needed. In general, 
the population of animals at a typical shelter is heteroge- 
neous in terms of age, health history, current health sta- 
tus, and level of socialization. The type of shelter (e.g., 
cat only, limited admission vith long-term holding, 
open admission vith short-term holding, animals from 
ovrner surrender, and anımals from anımal care and 
control agency) determines some of the specific details 
of the program. Similar to breeding kennels and catter- 
1ies, the actual facility has a substantial impact on the 
types of problems encountered and the options for con- 
trol. A comprehensive and effective PHP is important 
not only for the vvelfare of the animals but also for the 
reputation of that shelter in the communlity and for 
employee moral and shelters in general. See Box 13-3 
for guidelines on PHP in shelters. 


Horse Population Health Programs 


Horses are the spectes that most commonly have issues 
unique to both animals as companions and animals vith 
economic and performance issues. İn general, Box 135-4 
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Box 13-3. Components of a Population Health Program 


10. 


11. 


Iz. 
ın 


for Cats and Dogs in Animal Shelters 


. Evaluation of incoming animals to include stress level, 


health, and socialization. Decision about adoptability made 
as early in the process as possible. 


. İncoming animal quarantine (if possible, 5 to 8 days). Test, 


devvorm and vaccinate at entry. 


. Record keeping including health data. 


VVritten protocols and staff training vvith periodic reevaluation. 


. Program monitoring Tor successful disease management 


and adoption. 


. Adoption criteria based on medical and behavioral criterla. 
. Methods for appropriate manual and chemical restraint. 
. İnternal and external parasite identification, treatment, and 


control protocols. 


. Vaccination protocols modified for ages and common 


problems in the shelter (for example, intranasal vaccines 
pros and cons, and use of modified live measles vaccine in 
young puppies). 

Sterilization procedures (in house or vvith local 
veterinarians, before leaving the facility or by contracis, 
before adopted or after nevv ovvner has indicated interest 
in adoption, use of prepubertal spay or neuter). 

Control of stress levels (to decrease infectious and 
behavioral problems). 

Zoonosis identification and control. 

Nutrition to address different life stages, feeding and 
storage protocols, use of special diets, and fecal output. 


Continued 
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Box 13-3. Components of a Population Health Program 
for Cats and Dogsin Animal Shelters—cont”d 


14. Housing (for optimal disease control and stress 
management), including separate areas for incoming, 
obviously ill animals (isolation and staff handling protocols), 
and animals to be euthanized or to be adopted. 

15. Sanitation to include physical cleaning and chemical cleaning 
(safety and efficacy İfor example, phenol toxicity in catsl) . 

16. Ventilation: 10 to 12 air changes per hour is a suggested 
starting point, intake and exhaust locations to prevent 
recirculation of contaminated air 

17. Traffic flovv in shelter from least to most contaminate d areas. 

18. Legislative concerns such as reporting of bites and specific 
diseases, as vvell as other inlurles. 

19. Local education about shelters and pet population issues. 

20. Euthanasia program, including criterla for euthanasla, 
approprlate restraint and methods for performing 
euthanasia, staff training, and dealing vvith staff stress. 


İists common components of a PHP for horses, vith 
emphasis on horses as companions. 

Horses that are used for breeding, vvorking, or per- 
forming in athletic events require unique modifica- 
tions of the general PHP. The economics, ovner 
attachment, and use of the horse determine the partic- 
ular modifications that are necessary, particularly in 
regard to husbandry, nutrition, vaccination, and 
devvorming. 
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Box 13-4. Components of a Population Health Program 


UT İS UM) 


for Companion Horses 


. Devvorming program approprilate to the husbandry, 


numbers, age, and use of the horses. 


. Regular foot trimming vvith or vvithout shoeing. 


Dental check every 1 to 2 years depending on age and history. 
Administration of appropriate vaccinations including rabies. 


. Advice on cleaning stalls, paddocks, runs, and disposing of 


manure. 


. Advice on pasture management, including clipping and 


rotatıon. 


. Nutritional advice including prevention of obesity. 
. Description and integration of exercise and turnout 


program. 


. Behavloral advice (normal and expected behaviors, referral 


if needed). 


. Presence or type of insurance. 
. Advice and oversight of record keeping. 
. İnformation on horse travel regulations, introducing nevv 


horses, prepurchase examinatıons. 


. Client education materials in the form of brochures, 


nevvsletters, and videotapes. 
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Basic Statistical Concepts 


Data are the pieces of information that are collected or 
recorded for the variables or characteristics ofinterest. İn 
general, all studtes, profects, and investigations should 
include a section on descriptive data. These data include 
the pertinent background or demographic information, 
a summary of the results from variables studted, and any 
other potentially important figures. The background or 
demographic information provides a picture of the pop- 
ulation of animals involved and may 1nclude their age, 
breed, sex, spectes, reproductive status, production sta- 


tus, function, coat color, and health status. 
177 
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Types of Data 


The type of data or variable isimportant because it deter- 
mines the type of summary measurement and statistical 
analysis that can be used. There are tvo main types of 
data: continuous and categorical. Continuous data can 
take on a spectrum or continuum of values vithin a 
range (vrhich may be infinite). Continuous data (some- 
times called quantitative or interval data) may be further 
subdivided (using a vartety of terms) but for most pur- 
poses, if the data are continuous, they are handled simi- 
larly vrith regard to summaries and statistics. Examples 
of continuous data are veight, age, body temperature 
and blood glucose. 

Categorical variables measure characteristics vyhich 
are divided into classes or subgroups. There are tvo 
main types of categorical data: nominal and ordinal. 
Nominal variables have subgroups that have no numeric 
relationship to one another such as breed or coat color. 
There 1s no ordered or numeric relationship betveen 
being a lersey, a Hereford, or a Brahma cov. The breeds 
are yust names assigned to the different subgroups. 
Ordinal data consist of classes or subgroups that have 
some sort of ranking system or inherent order to them 
such as lameness scores (1 to 5), severity of heart mur- 
murs (grade 1 to 6) and severity of cellular infiltrates 
(mild, moderate, severe). There is a clearİy ordered rela- 
tionship betveen the classes but there is not a pre- 
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dictable numerrical one. So, a grade 2 lameness is not as 
severe as a grade 4 lameness. A special type of categorical 
variable has only tvvo categortes and is called a dichoto- 
mous variable. 


Summarizing Data 


The goal of summarizing data is to provide a quick pic- 
ture of the many individual animals” information. 
Continuous variables are summarized using means, 
medians, or modes. These measures provide an indica- 
tion ofvvhere most of the individual observations tend to 
occur. The mean is used for normally distributed data. 
Data that are normally distributed fall on a bell-shaped 
curve if plotted out, the mean is close to the median, and 
the mean and median are half vay betveen the largest 
and smallest value. The mean is the sum of all observa- 
tions divided by the number of observations and is often 
referred to as the average. The median is used for data 
that are skevved, vvhere there are individual observations 
that are far avvay from the others. The median is the mid- 
dle value counting from the highest or lovvest observa- 
tion. The mode vould be used for continuous data that 
tended to have more than one peak if plotted graphical- 
İy. Itis defined as the most common value in the data set 
and is rarely used in the clinical literature. 

Another component of summarizing data 1s to pro- 
vide some estimate of variability. This variability may be 
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considered to be the “nofse” or spread of the observa- 
tions around the mean or median. For the mean, the 
standard deviation or variance is used. The variance 1s 
the square of the standard deviation. The standard devi- 
ation has the property that the mean plus and minus tvvo 
standard deviations include 9596 of all the observations 
if the data are normally distributed. For the median, a 
range or percentile is used. The range is the highest and 
lovvest value observed. A percentile indicates vhat pro- 
portion of the observations fall above or belovr that 
value. So the 75th percentile is the point atvvhich 2576 of 
the observations have a higher value and 7596 a lover 
one. The median is the 50th percentile because half the 
observations fall above and half belov. Ranges and per- 
centiles can be used vith means as veell, 

In many cases, a picture is still vvorth a thousand 
vvords. Graphic displays commoniy include histograms, 
box and vrhisker plots, dot plots, and scatter plots. These 
provide a visual summary of the individual data and may 
include information about the numeric summary as 
vvell, 

One other concept 1s needed to understand the 
chotce of statistical tests (and sometimes study design). 
Thisis the idea of independent data as compared vith 
paired or related data. mdependent observations have 
no inherent reason to be similar or related to one 
another. Paired data come from repeated measure- 
ments from the same animal, measurements from İfltter- 
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mates or animals that are matched on some important 
characteristic like age or sex. Data obtained from the 
same animal across time vvould be expected to be more 
similar than data obtained from different animals. For 
example, blood pressure measured at 1-hour intervals 
five times on the same animal (paired or blocked data) 
vvrould be more similar (have less variability) than blood 
pressure measurements on five different animals (inde- 
pendent data). 


Comparing Data 


Comparing data can be done by visual inspection (the 
“eyeball” test) or by more formal statistical analysis. 
Increasingiy, statistical analysis 1s used and published, in 
part because of the ease of performing tests in many of 
the menu-driven statistical packages. Most statistical 
tests ansvver the question “is there a difference betvveen 
the groups?” The difficult part is that the study data 
being analyzed are usually a sample (horses seen at a 
teaching hospital vüth colic) or subpopulation of the 
animals that are of true interest (e.g., all horses seen by 
all veterinarians vith colic). There are tvo main prob- 
lems because vve are using a sample of the true popula- 
tion of interest (called statistical inference): (1) the 
population studied may not be representative of the 
true population and (2) the statistical test may not pro- 
vide the correct ansvver. The first problem is usually an 
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issue Of approprtiate study design, and the veterinarian 
must make an decision based on subfect matter 
knovvledge as to vyhether the sample population 1s 
appropriate. 

The second problem relates to the nature of statisti- 
cal inference. The statistical test provides a measure of 
hov İlkely it is for the differences betvveen the groups to 
be due to chance alone if there is not a real difference 
betvveen the groups. This measure is the Pvalue. In sta- 
tistical analysis, the Pvalue can range from nearİy zero to 
nearİy one, but tradition has decreed that a Pvalue of 
0.05 is the cut-off point for deciding vhether or not 
there is a difference betveen the groups. If the Pvalue is 
less than 0.05, then the groups are declared different (a 
statistically significant difference is found), if greater or 
equal to 0.05, then the groups are not different. The 
problem is that a Pvalue of 0.05 means that 596 of the 
time the results found could still be due to chance alone 
and not due to a real different betveen groups. 
Therefore, using a Pvalue (or significance level, the cut- 
Off point at vrhich statistical significance is declared) of 
0.05 means that 576 of the time, the investigators vvill 
declare a difference betvveen the groups vhen one really 
does not exist. This is analogous to the false-positive rate 
in diagnostic testing and is called a type I or alpha error 
in the context of statistical testing. Sometimes, the inves- 
tigator declares that there is no difference betvveen the 
groups vvhere there really is one (often due to a small 
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number of animals in the study). This is called a type II 
error or beta error and is analogous to a false-negative 
finding in diagnostic tests. If the type 11 error rate 1s 
subtracted from 1, a quantity called the poveer is found. 
The poveer is the ability of the study to detect a differ- 
ence betvveen the groups vhen there really is a 
difference betvveen the groups. 

It is crucial to realize that its possible to have a statis- 
tically significant difference vrithout.a clinically important 
one, and vise versa. VVith a large number of animals, a 
drop in blood pressure of 5 mm Hg using indirect meas- 
urement could be found to be statistically significant. Yet 
from a clinical perspective, a medication that lovvered 
pressure an average of only 5 mm Hg vould not be very 
important, especially given the inherent difficulty in accu- 
rately measuring blood pressure in the first place. Table 
14-1 summarizes some of the common statistical tests and 
hovv they could be used based on the type of variable, 
number of groups, and independence of the data. 

Sometimers the obfective is not onİy to compare but 
also to predict the likelihood (or probability) of an out- 
come given a set of measurements (Table 14-2). For 
example, a study could evaluate dtet and lifestyle as pos- 
sible predictors of survival in hyperthyroid cats. From a 
list of many different dietary and İifestyle variables, a 
small number that are significantly associated vith sur- 
vival could be determined. Because the outcome is time 
to death, survival analysis vvould be used. Alternatively, a 
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Table 14-2. Statistical Tests to Predict or Explain (Model) 
Relationships betvveen Variables 


Type of Outcome Variable Common Statistical Test 
Dichotomous (2 categories) Logistic regression 
Continuous Linear regression 
Time to an event Survival analysis 


study may be designed to explain hov some varliable is 
related to some other set of variables. For example, the 
obyective could be to determine the relationship 
betvveen age, breed, sex, and vveight of the horse and the 
occurrence of laminitis (yes or no). This vould be done 
using logistic regression because the outcome is a 
dichotomous variable (laminitis yes or no). 
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Appendix 1 


Qualrtative Study Evaluation 


Many types of studies use intervievvs and surveys. 
Hovvever, qualitative studies using intervievs have a pri- 
mary goal of examining people”s beliefs and hov these 
beltefs affect behavior or investigating complex cultural 
or soctetal attitudes. The intervievvs used are often rela- 
tively unstructured, and the number of participants are 
determined by reachıng a pointin the study vrhere the 
ideas and perspectives that are expressed are no longer 
nevv. These studtes also must be clearly thought out and 
conducted in an organized fashion. These studies are 
relatively rare in veterinary medicine, but they are 
increasing in frequencey as the importance of the rela- 
tionship betveen people and animals becomes incon- 
trovertible and recognized as a factor in health-related 
decisions. Some guidelines for these qualitative studies 
are outlined in Box A-1. The results of qualitative studies 
are helpful if they appiy to other clinical settings, res- 
onate vvith other groups of people, and prove usefulin 
understanding clentsin similar situations. 
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Box A-1. Key Elements Tor Studies about Perceptions, 
Beliefs, and Attitudes 


1. ls.a qualitative approach the most appropriate one for the 
question? 

2. Isthere a clearly defined group of people included in the 
study vvho could address the question of interest? 

3. Does the data collection method access the important 
information and consider all relevant factors (is it 
comprehensive)? 

4, Are the data analyzed and summarized so that the evidence 
supports the conclusions? 

5. Are there other checks and balances on the data analysis 
and other sources of information that make the results 
believable? 


In the veterinary literature, ovner perceptions are 
rarely addressed, and vhen they are, its usually in a very 
structured, quantitative fashion. Hovvever, further 
exploration of the reasons behind this perception or the 
background that led to them vvould prove very usefulin 
many veterinary settings. For example, a study in 
Michigan on equine health problems asked ovrners or 
barn operators to rank the top five health problemsin 
the equine industry.) Three of the ovners top five vvere 
not included in the top five diseases based on frequency, 
duration, lost of use of the horse, or fatality risk. The 
authors speculate that personal experience, disease 
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severity, and other factors may account for the discrep- 
ancy. A qualitative study addressing these reasons could 
provide useful information about health care choices 
and preventive programs for veterinarians veorking vith 
horse ovners. 
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Appendix 2 


Comparing Tvvo Diagnostic Tests 


Comparing Tests vvith One Another VVithout 
a Gold Standard 


To evaluate formally agreement betvveen tests that have 
categoritcal results vyvhen no gold standard is avallable, a 
statistic called kappa is commonly used. Kappa provides 
as estimate of agreement that takes into account agree- 
ment due to chance. Kappa is also used to evaluate the 
agreement betvveeen different doctors, technicians, and 
techniques. Observed or simple agreement is the sum of 
the observations that match. So if tvvo radiologists vvere 
evaluating the same hip radiographs for dysplasia, a 
table such as Table A-2 might be generated. 

One set of guidelines for interpreting kappa is: 50.81, 
excellent agreement, 0.61 to 0.81, substantial agreement, 
0.41 to 0.60, moderate agreement: 0.21 to 0.40, fair agree- 
ment, 0 to 0.20, poor agreement. Another videly used 
guideline suggests 0.4, poor, 0.4 to 0.75, fair to good, 
more than 0.75, very good to excellent. Often the authors 
vuill indicate their guidelines for interpreting agreement. 
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Table A-2. Calculation of Agreement Using Kappa and 
Observed (Percent) Agreement 


Radiologist 2 Radiologist 2 

Normal Hips Dysplastic Hips 
Radiologist 1 normal hip 14 4 
Radiologist 1 dysplastic hip 3 lə 

17 17 


Observed agreement: 14 4 13/34 — 0.79 
Chance agreement: (17 “ 18)-- (17 ” 16)/(34 A 2) 0.5 
Kappa £ (0.79 — 0.5) / 1 0.5) — 0.58 
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Appendix 3 


Calculating Test Accuracy and 


Predictive Values: Another Look 


Laying out a table to calculate predictive values using 
information in an article 


1. 
2. 


Create the outline of a 2 x 2 table asın Table 6-1. 
Select a total number of anımals for the calcula- 


tion. This number should be chosen for conven- 
ience such as 100 or 1000. 


. 1dentify the appropriate prevalence. 
. Mulüpiy this total number (N) by the prevalence 


as a decimal to get the total Dr anımals (a 4 c). 


. Subtract DE fromN to getD-(b-d). 
. Mulüpiy the sensitivity (asa decimal) by Di to get 


TP or a. Get FN by subtracting TP from Du (la r 
Cİ-a). 


.. Similarly, multipiy the specificity by D- to get TN 


(d). Be sure to put this ansvver in the bottom box. 
Get FP by subtracting the TN from D: (İb -dl-d). 


. Calculate predictive values as usual. 
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Of test, 76-77, 79t, 80, 81, 
82 

Septicemia in reptiles, 
exotics, and vvildlife, 
125t 


Series, testing in, 85-86 

Shigellosis in reptiles, 
exotics, and vvildlife, 
126t 

Signed rank test, 184t 

Significance level, 182 

Simple agreement, 192, 
192t 
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comparing data, 181-185, 
184t, 185t 
summarizing data, 
179-181 
types of data, 178-179 
Statistical inference, 
181-182 
Statistically significant 
difference, 182, 183 
Studies 
ambidirectional, 42 
blinding, 54 
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160-163, 161b 
Virginia Tech University, 
26 
“Virtual Rounds-Evidence- 
based Veterinary 
Medicine”, 23 
Vocabulary in searching for 
print information, 
28-30 


VVeb sites, 14, 15, 27-28, 
113-115. See also 
Internet. 

American Association of 
Feline Practitioners, 
150, 164 

animal shelters and, 

165 

breeding kennels and 
catterles and, 164 

for practice guldelines 
for vaccinations, 160 

as source of 
epidemiologic 
information, 23-25 

vaccination guidelines 
and, 149-150 

VVellness programs in 
companion animal 
population health 
progams, 160 

VVest Nile virus, 114 

VVidener University”s 
VVolfgram Memorial 
Library, 35-36 


VVildlife, North American 
zoonosesin, 125t-126t 

VVolfgram Memorial 
Library, 35-36 

VVorld Health 
Organization, 23 

VVound infections in dogs 
and cats, 121t 


Y 
Yahoo, 35 


Z 


Zoonoses, sources of 
information on, 
113-116 

Zoonotic disease concerns 
and considerations, 
111-132 

North American 
zoonoses by specles 
and mafor organ 
system affected, 
117-132 

sources of information 
on zoonoseş, 113-116 


